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ABSTRACT
FACTORS ASSOCIATED WITH THE PERCEPTION OF DIET QUALITY:
ANALYSIS OF THE NATIONAL HEALTH AND NUTRITION EXAMINATION
SURVEY (NHANES) 2007-2018
FEBRUARY 2022
KIARA Y. AMARO-RIVERA, B.S., UNIVERSITY OF PUERTO RICO MAYAGÜEZ
M.H.S., UNIVERSITY OF PUERTO RICO MEDICAL SCIENCES CAMPUS
Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Elena T. Carbone and Lisa M. Troy

Perceived diet quality is a potential modifiable factor that could explain dietary
choices. Research has shown that some individuals tend to misperceive the healthfulness
of their diet, rating it more or less healthy than it actually was when compared to dietary
recommendations. In particular, overestimation of diet quality has been associated with
lower intention to change dietary behaviors. Using the National Health and Nutrition
Examination Survey (NHANES) dataset, this dissertation explores factors associated with
the perception of diet quality among U.S. adults.
In Chapter 1, we derived dietary patterns using latent class analysis and explored
their association with perceived diet quality among young adults aged 18-29 years. We
identified six dietary patterns. We found that those following less healthful dietary
patterns were more likely to rate their diet worse, as compared to those following more
healthful dietary patterns.
In Chapter 2, we examined the rates of misperception of diet quality among a
sample of U.S. adults, and explored factors associated with overestimation and
underestimation of diet quality in this population. We found that misperception of diet
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quality was prevalent in our sample. Overestimation of diet quality was associated with
increased age, non-Hispanic Whites, higher education, and more positive health and
nutrition-related outcomes, while underestimation of diet quality was associated with
Hispanics and non-Hispanic Blacks, and more negative health and nutrition-related
outcomes.
In Chapter 3, we explored the association between perceived diet quality, Healthy
Eating Index (HEI)-2015, and metabolic syndrome and its components among U.S.
adults. We found a positive association between perceived diet quality and HEI-2015
total score. Perceived diet quality and HEI-2015 were associated with increased risk of
metabolic syndrome, elevated waist circumference, reduced HDL cholesterol, and
elevated fasting blood glucose. Perceived diet quality was also associated with elevated
triglycerides. When comparing the predicted probabilities for perceived diet quality and
HEI-2015 categories, both followed a similar trend.
These findings suggest that perceived diet quality is a psychosocial factor that
takes into consideration various aspects life, including nutrition, health, and lifestyle
behaviors. It could be used by healthcare providers as a screening tool for those in need
of a dietary intervention.

vii

TABLE OF CONTENTS
Page
ACKNOWLEDGMENTS ...................................................................................................v
ABSTRACT....................................................................................................................... vi
LIST OF TABLES ............................................................................................................. xi
CHAPTER
1.

DIETARY PATTERNS DERIVED USING LATENT CLASS

ANALYSIS AND THEIR ASSOCIATION WITH PERCEPTION OF DIET
QUALITY AMONG YOUNG ADULTS: ANALYSIS OF THE NATIONAL
HEALTH AND NUTRITION EXAMINATION SURVEY (NHANES) 20072018......................................................................................................................................1

1.1 Abstract ..............................................................................................................1
1.2 Introduction ........................................................................................................2
1.3 Methods..............................................................................................................5
1.3.1 Study Design and Participants ............................................................5
1.3.2 Percevied Diet Quality ........................................................................6
1.3.3 Dietary Intake and Food Groups .........................................................6
1.3.4 Statistical Analysis ..............................................................................8
1.4 Results ..............................................................................................................10
1.4.1 Characteristics of Study Participants ................................................10
1.4.2 Percevied Diet Quality ......................................................................10
1.4.3 Dietary Patterns .................................................................................11
1.4.4 Dietary Patterns and Perception of Diet Quality...............................12
1.5 Discussion ........................................................................................................14
1.6 Conclusion .......................................................................................................17

viii

2.

PREDICTORS OF MISPERCEPTION OF DIET QUALITY AMONG U.S.

ADULTS: ANALYSIS OF THE NATIONAL HEALTH AND NUTRITION
EXAMINATION SURVEY (NHANES) 2007-2010 ........................................................44

2.1 Abstract ............................................................................................................44
2.2 Introduction ......................................................................................................45
2.3 Methods............................................................................................................47
2.3.1 Study Design and Participants ..........................................................47
2.3.2 Sociodemographic, Health, and Nutrition-Related Variables ...........48
2.3.3 Dietary Intake....................................................................................50
2.3.4 Diet Quality (Healthy Eating Index-2010) .......................................50
2.3.5 Perceived Diet Quality ......................................................................51
2.3.6 Misperception of Diet Quality ..........................................................51
2.3.7 Statistical Analysis ............................................................................52
2.4 Results ..............................................................................................................54
2.4.1 Characteristics of Study Participants ................................................54
2.4.2 Overestimation and Underestimation of Diet Quality ......................55
2.4.3 Factors Associated with Overestimation of Diet Quality .................56
2.4.4 Factors Associated with Underestimation of Diet Quality ...............58
2.5 Discussion ........................................................................................................59
2.6 Conclusion .......................................................................................................67

3.

THE ASSOCIATION BETWEEN PERCEIVED DIET QUALITY, HEALTHY

EATING INDEX (HEI)-2015 AND METABOLIC SYNDROME AMONG U.S.
ADULTS: ANALYSIS OF THE NATIONAL HEALTH AND NUTRITION
EXAMINATION SURVEY (NHANES) 2007-2018 ........................................................80

3.1 Abstract ............................................................................................................80
3.2 Introduction ......................................................................................................81
3.3 Methods............................................................................................................84
3.3.1 Study Design and Participants ..........................................................84
3.3.2 Metabolic Syndrome and Components .............................................85
3.3.3 Percevied Diet Quality ......................................................................86

ix

3.3.4 Dietary Intake and Diet Quality (Healthy Eating Index-2015) .........87
3.3.5 Statistical Analysis ............................................................................88
3.4 Results ..............................................................................................................89
3.4.1 Characteristics of Study Participants ................................................89
3.4.2 Metabolic Syndrome .........................................................................89
3.4.3 Percevied Diet Quality ......................................................................90
3.4.4 Healthy Eating Index (HEI)-2015 .....................................................91
3.4.5 Perceived Diet Quality and Healthy Eating Index (HEI)-2015 ........92
3.4.6 Metabolic Syndrome and Healthy Eating Index (HEI)-2015 ...........93
3.4.7 Association Between Perceived Diet Quality and Metabolic
Syndrome .......................................................................................94
3.4.8 Association Between Healthy Eating Index-2015 and Metabolic
Syndrome .......................................................................................96
3.5 Discussion ........................................................................................................99
3.6 Conclusion .....................................................................................................106

REFERENCES ................................................................................................................127

x

LIST OF TABLES
Table

Page

Table 1.1. Food groups used in the latent class analysis with categories, range, mean
intake and standard deviation, and sample size for each category
(unweighted) ..............................................................................................19
Table 1.2. Model information for latent class analysis (LCA) models fit to data .............21
Table 1.3. Sociodemographic characteristics of the study sample according to perceived
diet quality; n (%); NHANES 2007-2018 (n = 5,522) ...............................22
Table 1.4. Unweighted probabilities (Rho estimates) of consumption of food groups
according to dietary patterns (latent classes); NHANES 2007-2018 (n =
5,522) .........................................................................................................24
Table 1.5. Sociodemographic characteristics of the study sample according to dietary
patterns (latent classes); n (%); NHANES 2007–2018 (n = 5,522) ...........26
Table 1.6. Distribution of outcome (perceived diet quality) by the exposure (dietary
patterns); n (%); NHANES 2007-2018 (n = 5,522) ...................................28
Table 1.7. Unadjusted and adjusted odds ratios (OR) and 95% confidence intervals (CI)
for the association between dietary patterns (latent classes) and perceived
diet quality; NHANES 2007-2018 (n = 4,808). .........................................29
Table 1.8. Adjusted predicted probabilities and 95% confidence intervals (CI) for the
association between dietary patterns (latent classes) and perceived diet
quality; NHANES 2007-2018 (n = 4,808). ................................................30
Table 1.9. Food groups used in the latent class analysis with categories, and weighted
range, mean intake and standard deviation, and unweighted sample size
for each category (n= 5,522). .....................................................................31
Table 1.10. Model fit information for LCA models fit to data (weighted sample). ..........33
Table 1.11. Sociodemographic characteristics of the study sample according to perceived
diet quality; unweighted frequency, (weighted %); NHANES 2007–2018,
(N = 5,522).. ...............................................................................................34
Table 1.12. Weighted probabilities (Rho estimates) of consumption of food groups
according to dietary patterns (latent classes); NHANES 2007-2018, (n =
5,522) .........................................................................................................36

xi

Table 1.13. Sociodemographic characteristics of the study sample according to dietary
patterns (latent classes); unweighted frequency, (weighted %); NHANES
2007–2018, (N = 5,522). ............................................................................38
Table 1.14. Unadjusted and adjusted odds ratios (OR) and 95% confidence intervals for
the association between dietary patterns (latent classes) and perceived diet
quality adjusting for complex survey design; NHANES 2007-2018, (n =
4,808)................... ......................................................................................40
Table 1.15. Adjusted predicted probabilities and 95% confidence intervals for the
association between dietary patterns (latent classes) and perceived
diet quality adjusting for complex survey design; NHANES 20072018, (n = 4,808)..................................................................................... 41
Table 1.16. Food groups used in the latent class analysis with description .......................42
Table 2.1. Categories of misperceptions of diet quality, sample size (unweighted), and
percentage of participants (weighted %) in each category; NHANES 20072010, (n= 7,894).........................................................................................68
Table 2.2. Characteristics of the study population according to perception of diet quality;
unweighted frequency, (weighted %); NHANES 2007-2010 (n=
7,894)........ .................................................................................................69
Table 2.3. Population means and confidence limits of Healthy Eating Index (HEI)-2010
components and total score across categories of perceived diet quality
(PDQ) adjusting for complex survey design; NHANES 2007-2010 (n =
7,894).. .......................................................................................................71
Table 2.4. Unadjusted and adjusted odds ratios (OR) and 95% confidence intervals (CI)
for predictors of overall overestimation of diet quality; NHANES 20072010 (n = 6,435).........................................................................................72
Table 2.5. Adjusted predicted probabilities and 95% confidence intervals (CI) for
predictors of overall overestimation of diet quality; NHANES 2007-2010
(n = 6,435)..................................................................................................74
Table 2.6. Unadjusted and adjusted odds ratios (OR) and 95% confidence intervals (CI)
for predictors of overall underestimation of diet quality; NHANES 20072010 (n = 3,119).........................................................................................76
Table 2.7. Adjusted predicted probabilities and 95% confidence intervals (CI) for
predictors of overall underestimation of diet quality; NHANES 2007-2010
(n = 3,119...................................................................................................78

xii

Table 3.1. Distribution of metabolic syndrome and its components; unweighted
frequency, (weighted %); NHANES 2007-2018 (n = 10,834) ................108
Table 3.2. Baseline characteristics according to metabolic syndrome; unweighted
frequency, (Weighted %); NHANES 2007-2018 (n = 10,698) ...............109
Table 3.3. Baseline characteristics across categories of perceived diet quality; unweighted
frequency, (weighted %); NHANES 2007-2018 (n = 130,834). .............111
Table 3.4. Baseline characteristics according to HEI-2015 total score; population mean
and 95% confidence limits for mean, adjusted for complex survey design;
NHANES 2007-2018 (n = 10,834) ..........................................................113
Table 3.5. Population means and standard error of Healthy Eating Index (HEI)-2015
components and total score across categories of perceived diet quality
adjusting for complex survey design; NHANES 2007-2018 (n =
10,834)..... ................................................................................................115
Table 3.6. Population means and standard error of Healthy Eating Index (HEI)-2015
components and total score according to metabolic syndrome adjusting for
complex survey design; NHANES 2007-2018 (n = 10,698) ...................116
Table 3.7. Population means and 95% confidence limits for metabolic syndrome
components across categories of perceived diet quality adjusting for
complex survey design; NHANES 2007-2018 (n = 10,834) ...................117
Table 3.8. Odds ratios (OR) and 95% confidence intervals (CI) for the association
between perceived diet quality and metabolic syndrome adjusting for
complex survey design; NHANES 2007-2018 (n = 10,834) ...................119
Table 3.9. Adjusted odds ratios (OR) and 95% confidence intervals (CI) for the
association between perceived diet quality and metabolic syndrome
adjusting for complex survey design; NHANES 2007-2018 (n =
10,834)..... ................................................................................................120
Table 3.10. Predicted probabilities and 95% confidence intervals (CI) for the association
between perceived diet quality and metabolic syndrome adjusting for
complex survey design; NHANES 2007-2018 (n = 10,834) ...................121
Table 3.11. Population means and 95% confidence limits for metabolic syndrome
components across HEI-2015 categories adjusting for complex survey
design; NHANES 2007-2018 (n = 10,834)..............................................122
Table 3.12. Odds ratios (OR) and 95% confidence intervals (CI) for the association
between HEI-2015 categories and metabolic syndrome adjusting for
complex survey design; NHANES 2007-2018 (n = 10,834) ...................124

xiii

Table 3.13. Adjusted odds ratios (OR) and 95% confidence intervals (CI) for the
association between HEI-2015 categories and metabolic syndrome
adjusting for complex survey design; NHANES 2007-2018 (n =
10,834)..... ................................................................................................125
Table 3.14. Predicted probabilities and 95% confidence intervals (CI) for the association
between HEI-2015 categories and metabolic syndrome adjusting for
complex survey design; NHANES 2007-2018 (n = 10,834). ..................126

xiv

CHAPTER 1
DIETARY PATTERNS DERIVED USING LATENT CLASS ANALYSIS AND
THEIR ASSOCIATION WITH PERCEPTION OF DIET QUALITY AMONG
YOUNG ADULTS: AN ANALYSIS OF THE NATIONAL HEALTH AND
NUTRITION EXAMINATION SURVEY (NHANES) 2007-2018

1.1 Abstract
Introduction: Limited research has been conducted examining the relationship between
perceived diet quality and dietary patterns derived using a posteriori approaches,
especially among young adults, a group with poor diets. Therefore, the aims of this study
were to derive dietary patterns using latent class analysis (LCA) and examine their
association with perceived diet quality among a nationally representative sample of
young adults in the U.S. Methods: Our study was cross-sectional. We analyzed data from
the National Health and Nutrition Examination Survey (NHANES) from 2007-2018,
which included 5,522 participants aged 18-29 years. Dietary patterns were derived using
LCA on 17 food groups and perceived diet quality was self-reported. Ordered logistic
regression was used to evaluate the association between dietary patterns and perceived
diet quality. Results: Six dietary patterns were identified. Two dietary patterns were
characterized by higher intake of total vegetables (excluding potatoes and legumes),
whole fruit, whole grain, and plant protein. One of these also had medium intake of
saturated fat. Another two dietary pattern were characterized by higher intake of cheese,
solid fats, and refined grains. Of these, one had higher intake of added sugar and total
vegetables as well. A fifth dietary pattern was characterized by higher intake of potatoes,
oils, and poultry/eggs. The last dietary pattern was characterized by lower intake of most
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food groups. Compared to those following the dietary pattern with higher intake of fruits,
vegetables, whole grains, and plant protein, those following dietary patterns with lower
intake of these food groups and higher intake of potatoes, cheese, solid fats, and added
sugar were more likely to report worse self-rated diet quality. Conclusion: Young adults
are aware of the healthfulness of their dietary patterns. Future interventions should
examine strategies to increase intake of more healthful foods among young adults with
poor dietary patterns if we want to prevent chronic diseases later in adulthood.

1.2 Introduction
A determinant of diet quality that could explain poor adherence to dietary
recommendations is perception. Perceived or self-rated diet quality is usually measured
by asking participants how healthy they think their overall diet is and the answer is
recorded on a scale from excellent to poor. Self-rated diet quality has been compared to a
priori-defined or theoretically-driven dietary indices, which measure adherence to dietary
patterns that have been defined based on scientific evidence (Cespedes & Hu, 2015). It
would be expected that if individuals rate their diet quality as excellent, they should have
a higher score in a dietary index; however, this is not always the case. Research suggests
that self-rated diet quality is correlated with more objective measures of diet quality, such
as dietary indices or other single-item measures (Adjoian, Firestone, Eisenhower, & Yi,
2016; Carbonneau et al., 2019; Gregory, Smith, & Wendt, 2011; Loftfield, Yi,
Immerwahr, & Eisenhower, 2015). Consumption of fruits, vegetables, whole grains,
sharing meals at home, and cooking dinner have been positively associated with selfrated diet quality, while consumption of sugar-sweetened beverages, empty calories, and
frequency of fast-food dining and food-away-from-home have been negatively associated
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(Adjoian et al., 2016; Carbonneau et al., 2019; Gregory et al., 2011; Loftfield et al., 2015;
Woglom, Gray, Hill, & Wang, 2020). These findings suggest that some individuals rate
their overall diet quality based on particular food groups or behaviors that are commonly
perceived to be healthy or unhealthy. However, the correlations are modest, which
suggests that there is an inconsistency between how people rate the healthfulness of their
diet when compared to dietary recommendations, with some individuals unaware that
their dietary intake is suboptimal. This is important because overestimating the
healthfulness of one’s diet has been associated with lower intention to change dietary
behaviors (Jansink et al., 2012; Variyam, Shim, & Blaylock, 2001).
Most studies examining perceived or self-rated diet quality have used a priori
analyses to assess the relationship between this variable and other measures that are
indicative of a healthier diet (Adjoian et al., 2016; Carbonneau et al., 2019; Gregory et
al., 2011; Loftfield et al., 2015). A priori analyses only capture a limited number of
hypothesized main food groups, which could be a limitation given the complexity of
dietary patterns. To further explore other potential combinations of food groups that
could inform the association between dietary patterns and perceived diet quality, a datadriven approach is needed.
Data-driven approaches, also known as a posteriori or exploratory analyses, are
becoming more common in nutrition research to explore dietary patterns of specific
populations rather than individual nutrients (Tucker, 2010). These analyses are not
necessarily dependent of definitions of healthy dietary patterns or other pre-established
recommendations (Ocké, 2013; Tucker, 2010). Instead, dietary patterns are derived from
collected dietary data using statistical methods (Newby & Tucker, 2004). They are useful
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in providing insights into dietary patterns of particular populations that may not be
captured with the use of a conventional index (Newby & Tucker, 2004; Tucker, 2010).
The most frequently used data-driven approaches in nutritional research are
principal component analysis (PCA) and cluster analysis. Research using PCA and
cluster analysis have led to the identification of two distinctive dietary patterns, typically
labeled as the “prudent” diet and the “Western” diet (Ocké, 2013; Tucker, 2010). The
“prudent” diet is associated with healthier foods, such as fruit, vegetables, whole grains,
legumes, fish, and low-fat dairy products (Ocké, 2013; Tucker, 2010). The “Western”
diet has been associated with less healthful foods, including red and processed meat, soft
drinks, fried potatoes, refined grains, high-fat dairy, and sweet and salty snacks (Ocké,
2013; Tucker, 2010).
A robust method that has been used less often in nutritional research is latent class
analysis (LCA). This statistical method is used to identify unobservable, or latent,
subgroups within a population based on categorical observed indicators (Lanza, Collins,
Lemmon, & Schafer, 2007). Although LCA is similar to cluster analysis, there are several
advantages for using this method over conventional clustering techniques. For instance,
given that LCA is a model-based approach, goodness-of-fit tests can be used to help
determine the ideal number of subgroups (Dalmartello et al., 2020; Harrington, Dahly,
Fitzgerald, Gilthorpe, & Perry, 2014). LCA also allows for covariates adjustment, which
helps assess the impact on the classes (Dalmartello et al., 2020; Harrington et al., 2014;
Lanza et al., 2007). Another statistical strength of LCA is that individuals are not
assigned to a class; rather, they have probabilities of being in each class.

4

Previous studies have evaluated the association between perception of diet quality
and dietary patterns derived using a priori-defined dietary indices (Adjoian et al., 2016;
Carbonneau et al., 2019; Powell-Wiley, Miller, Agyemang, Agurs-Collins, & Reedy,
2014; Woglom et al., 2020). Most of these studies have explored this association among
the general population, with the exception of one study that explored it among young
adults. This group is of particular interest because prior research has shown that young
adults have the lowest diet quality compared to other age groups (Hiza, Casavale,
Guenther, & Davis, 2013). In addition, a longitudinal study showed that those having a
Western dietary pattern in young adulthood had increased cardiometabolic risk later in
life (Duffey, Steffen, Van Horn, Jacobs, & Popkin, 2012). Consequently, adopting
healthier dietary patterns during this period might decrease the risk of chronic diseases
later in adulthood. Therefore, the goals of this study were to: (1) derive dietary patterns
using LCA among a sample of young adults in the U.S. and (2) examine the association
between these dietary patterns and perception of diet quality in this population.

1.3 Methods
1.3.1 Study Design and Participants
Our study design was cross-sectional. Using data from National Health and Nutrition
Examination Survey (NHANES) 2007-2018 cycles, we assessed the relationship between
empirically derived dietary patterns using latent class analysis (LCA) and perceived diet
quality. NHANES is a series of cross-sectional studies designed and conducted by the
National Center for Health Statistics (NCHS) at the Centers for Disease Control and
Prevention (CDC). It is a nationally representative survey that evaluates the health and
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nutritional status of the noninstitutionalized civilian U.S. population (Chen, Clark,
Riddles, Mohadjer, & Fakhouri, 2020). Participant selection is carried out through a
complex, multistage, probability sampling design (Chen et al., 2020). All procedures
involving human subjects in NHANES were approved by the NCHS Research Ethics
Review Board (ERB) and documented consent was obtained from participants (Centers
for Disease Control and Prevention (CDC) & National Center for Health Statistics
(NCHS), n.d.). Additional information about the NHANES study design process has been
described in detail elsewhere (Chen et al., 2020; Curtin et al., 2013; Johnson, Dohrmann,
Burt, & Mohadjer, 2014).
Our analyses included all adults aged 18-29 years with reliable twononconsecutive 24-hour recalls and data on perceived diet quality. Participants with
intake <500 or >5000 kcals were excluded from our analyses. A total of 5,522
participants were included in our analyses.

1.3.2 Perceived Diet Quality
Perceived or self-rated diet quality was measured by asking participants the
following question: “In general, how healthy is your overall diet? Would you say
excellent, very good, good, fair, or poor?” This variable was grouped into three response
options: “excellent/very good,” “good,” and “fair/poor” given the smaller sample size for
those in the excellent and fair categories.

1.3.3 Dietary Intake and Food Groups
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Dietary intake was assessed using the average of two non-consecutive 24-hour
dietary recalls. The foods and beverages reported by each participant in these dietary
recalls were then converted to 37 USDA Food Patterns (FP) components, which are part
of the USDA’s Food Patterns Equivalents Database (FPED) (U.S. Department of
Agriculture, 2020a). Detailed information about the dietary interview process and the
FPED is described elsewhere (Centers for Disease Control and Prevention (CDC) &
National Center for Health Statistics (NCHS), n.d.; U.S. Department of Agriculture,
2020a).
To create mutually exclusive food groups, some of the FP components were
dropped (i.e., total grains, total protein foods). Other components were grouped together
if nutritionally similar. A total of 17 food groups were included in our analyses (Table 1).
These included: total vegetables (excludes potatoes and legumes); potatoes (in all forms);
whole fruits; fruit juice; whole grains; refined grains; meat and organ meat; cured meat;
poultry and eggs; seafood; plant protein (includes soybean products (excludes calcium
fortified soy milk), nuts, seeds, beans, and peas computed as protein foods); dairy
(excludes cheese and includes calcium fortified soy milk); cheese; oils; solid fats; added
sugars; alcoholic drinks. Fruits, vegetables, and dairy products were measured as cup
equivalents; grains and protein foods were measured as ounce equivalents; added sugars
were measured as teaspoon equivalents; solid fats and oils were measured as gram
equivalents; and alcoholic drinks were measured as the number of drinks (U.S.
Department of Agriculture, 2020a).
Due to the nature of 24-hour dietary recalls, many participants reported no intake
of certain food groups. Thus, we decided to categorize the food groups to differentiate
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between consumers and non-consumers. The categorization was done as follows: food
groups with a percentage of non-consumers less than 33% (n=9) were categorized in
tertiles (total vegetables excluding potatoes and legumes; refined grains; dairy excluding
cheese; cheese; meat and organ meat; poultry and eggs; added sugar; solid fats). Food
groups with a percentage of non-consumers between 33% and 50% (n=6) were
categorized in a three-level variable: non-consumers and below or above the median
among consumers (potatoes; whole grains; whole fruit; fruit juice; cured meat; plant
protein. Food groups with a percentage of non-consumers equal or greater than 50%
(n=2) were dichotomized in consumers and non-consumers (seafood; alcoholic drinks). A
description of the food groups, the range and mean intake for each category are shown on
Table 1.

1.3.4 Statistical Analysis
Dietary patterns were identified using latent class analysis (LCA). To select the
best-fitting model, we used the Bayesian Information Criteria (BIC), class size, and
interpretability (Harrington et al., 2014). First, to determine the number of classes, we
estimated the one-class model and successively incremented the number of classes by one
until the value of the BIC stopped decreasing or until the number of classes reached ten.
We stopped at ten classes because adding more would have made the interpretation
complicated and it would not have provided any additional advantage than examining the
food groups individually. We selected the model with six classes as our final model,
given that the BIC stopped decreasing at six classes and the interpretation of the resulting
dietary patterns were consistent with the literature (Table 2). To test if we had the optimal
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estimation, we repeated the analysis using different seeds (random starting values) to try
various sets of starting values.
Dietary patterns were then named and interpreted according to the item-response
probabilities conditional on latent class membership (distribution of food groups’ intake)
(Rho estimates). Participants were assigned to the dietary patterns (latent classes) based
on their highest posterior probability of latent class membership (Gamma estimates) (i.e.,
maximum-probability assignment, which assigns individuals to the class for which they
have the highest posterior probability of membership).
Descriptive statistics, such as frequencies, means, and standard deviation were
used to describe the population characteristics. To evaluate the unadjusted relationship
between dietary patterns and perceived diet quality, we cross-tabulated them and Chisquare tests were used to calculate p-values. Similarly, to assess covariates as potential
confounders, we cross-tabulated them with our dietary patterns and perceived diet
quality, and Chi-square tests were used to calculate p-values. For the multivariate model,
odds ratio (OR) and 95% confidence intervals (CI) were derived using ordered logistic
regression for perception of diet quality. To account for potential confounders that were
significant in the bivariate analysis, the model was adjusted for age, gender,
race/ethnicity, education, poverty income ratio, self-rated health status, physical activity,
BMI categories, and total caloric intake. For the bivariate and multivariate analyses
presented in this dissertation, we did not consider complex survey design and sampling
weights. However, we also conducted analyses considering complex survey design and
sampling weight and these results can be found in Tables 9 to 15. All statistical analyses
were performed using SAS 9.4 (SAS Institute, Cary, NC).
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1.4 Results
1.4.1 Characteristics of Study Participants
A total of 5,522 participants were included in our analyses. Overall, 55.4% were
between the ages of 18 and 23 years, 52.7% were females, and 33.7% were non-Hispanic
Whites. For education and income, 51.4% had completed more than high school
education and 21.0% had a poverty income ratio >350%. For health-related variables,
43.8% rated their health as excellent/very good, 58.3% were aware of the federal dietary
guidance, 41.3% were normal weight, and 76.0% had physical activity levels 500 METmin/week (Table 3).

1.4.2 Perception of Diet Quality
A total of 22.6% of the participants rated their diet as excellent/very good, 42.3%
rated it as good, and 35.0% rated it as fair/poor. Using Chi-square, we determined that
there were statistically significant differences in the perception of diet quality for age,
gender, race/ethnicity, education, poverty income ratio, awareness of the dietary guidance
programs, BMI categories, self-rated health status, and physical activity (Table 3). A
higher proportion of participants who rated their diet as excellent/very good were aged
24-29 years, male, “Other” race/ethnicity, had a more than high school education, a
poverty income ratio >350%, normal BMI, excellent/very good self-rated health status,
were aware of dietary guidance programs, and more physically active. In contrast, among
those who rated their diet as fair/poor, a higher proportion of participants were aged 1823 years, male, non-Hispanic Black, had a less than high school education, a poverty
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income ratio <130%, had obesity, reported fair/poor self-rated health status, were
unaware of the dietary guidance programs, and less physically active (Table 3).

1.4.3 Dietary Patterns
Six dietary patterns (latent classes) were identified. Naming of these dietary
patterns was based on the average intake of each food group category and current
literature regarding dietary patterns. As shown in Table 4, class #1 (n= 682, 12.4%) was
characterized by higher intake of total vegetables (excluding potatoes), whole fruit, whole
grain, and plant protein. We named this class “Prudent.” Class #2 (n= 712, 12.9%) was
characterized by higher intake of potatoes, oils, and medium to higher intake of
poultry/eggs. We named it “Potatoes and Poultry.” Class #3 (n= 1,138, 20.6%) was
characterized by higher intake of refined grains, cheese, meat/organ meat, oils, added
sugar, solid fats, and medium to higher intake of cured meat and total vegetables. This
classed was named “Western with vegetables.” Class #4 (n= 977, 17.7%) was
characterized by lower intake of most of the food groups and was named “Low intake.”
Class #5 (n= 1,122, 20.3%) was characterized by higher intake of whole fruit, and whole
grain, medium to higher intake of total vegetables (excluding potatoes), total dairy
(excluding cheese), and plant protein, and medium intake of solid fats. This class was
named “Prudent with saturated fat.” Class #6 (n= 891, 16.1%) was characterized by
higher intake of cheese and solid fats and medium to higher intake of refined grains,
meat/organ meat, and cured meat. We named this class “Western” (Table 4).
As shown on Table 5, when looking at the characteristic of the population by their
dietary patterns, using Chi-square, we determined that there were statistically significant
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differences for age, gender, race/ethnicity, education, poverty income ratio, self-rated
health status, awareness of dietary guidance programs, and physical activity. For
instance, a higher proportion of participants in class #1, named “Prudent,” were aged 2429 years, female, “Other” race/ethnicity, had a more than high school education, a
poverty income ratio >350%, reported excellent/very good health status, and were more
physically active (Table 5). On the other hand, a higher proportion of participants in class
#6, named “Western,” were aged 18-23 years, male, Non-Hispanic White, had a high
school education or less, a poverty income ratio between 130-350%, reported fair/poor
health status, were unaware of the dietary guidance programs, and were less physically
active.

1.4.4 Dietary Patterns and Perception of Diet Quality
In the bivariate analysis, 37.8% of participants in class #1 “Prudent” rated their
diet as excellent/very good (Table 6). Similarly, 31.4% of participants in class #5
“Prudent with saturated fat” also rated their diet as excellent/very good, while 43.4%
rated it as good. These two dietary patterns were characterized by higher intake of more
healthful food groups such as fruits and vegetables, whole grain, plant protein. The main
difference between these two dietary patterns was that class #1 was characterized by
lower intake of refined grains, meat/organ meat, cured meat, solid fats, and added sugar,
while class #5 had more intake of these food groups.
On the other hand, 44.9% of participants in class #2 “Potatoes and Poultry” and
42.0% of those in class #6 “Western” rated their diet as fair/poor (Table 6). These dietary
patterns were characterized by lower intake of healthful foods such as fruits and
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vegetables, whole grains, and plant protein. Class #2 was also characterized by a higher
intake of potatoes and medium to higher intake of added sugar. Class #6 had a medium to
higher intake of cheese, meat/organ meat, cured meat, and solid fats.
Most of the participants in class #3 “Western with vegetables” rated their diet as
either good (43.5%) or fair/poor (38.9%) (Table 6). A similar pattern was observed for
those in class #4 “Low intake” who also rated their diet as good (43.0%) or fair/poor
(37.6%). Class #3 was characterized by higher intake of foods groups that should be
eaten in moderation such as refined grains, solid fats and added sugars, but participants in
this class also had medium to higher intake of vegetables. In contrast, class #4 had a low
intake of most food groups, in particular refined grains, oils, and solid fats. They also had
low intake of more healthful foods, such as fruits, vegetables, and whole grains.
Participants in this class also had lower to medium intake of animal protein.
When looking at the adjusted model, those in class #2 “Potatoes and Poultry”
(OR= 2.47, 95%CI: 1.96, 3.12), class #3 “Western with vegetables” (OR= 2.33, 95%CI:
1.81, 3.00), class #4 “Low intake” (OR= 1.86, 95%CI: 1.50, 2.30), class #5 “Prudent with
saturated fat” (OR= 1.28, 95%CI: 1.04, 1.57), and class #6 “Western” (OR= 2.53,
95%CI: 2.03, 3.16) were more likely to report worse perceived diet quality than those in
class #1 “Prudent” (Table 7).
When looking at the predicted probabilities, the proportion of participants who
perceived their diet as excellent/very good was higher for those in class #1 “Prudent” and
class #5 “Prudent with saturated fat” and the percentage decreased for those in the other
classes (Table 8). The opposite trend was observed for those who perceived their diet as
fair/poor.
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1.5 Discussion
In the present study we identified six dietary patterns using LCA and examined
the association between these dietary patterns and perception of diet quality among a
sample of young adults in the U.S. We found that compared to those following a dietary
pattern with higher intake of fruits, vegetables, whole grains, and plant protein, those
following dietary patterns with lower intake of these food groups and higher intake of
cheese, solid fats, and added sugar were more likely to rate their diets more poorly.
To our knowledge, only one study has evaluated the relationship between dietary
patterns and the perception of diet quality among adults in the U.S. using latent class
profile analysis (Farmer, Lee, Powell-Wiley, & Wallen, 2020). Using data from
NHANES 2007–2010, Farmer and colleagues (2020) examined this association among
11,481 adults aged 19 years and older (Farmer et al., 2020). They found that compared to
the “Standard American” diet classes (determined by the presence of empty calories and
refined grains), healthier dietary classes (those with the highest intake of total vegetable
and greens/beans and adequate intake of protein, fruits, and whole grains) were positively
associated with perceived diet quality at the daily level, but negatively associated at the
dinner level (Farmer et al., 2020). They suggested that the relationship seen at the daily
level could be related to individual choices, while the negative relationship seen at the
dinner level could be related to household choices (Farmer et al., 2020). In our study we
found that young adults following healthier dietary classes were more likely to rate their
diet better, while those following unhealthier dietary classes were more likely to rate their
diets worse, which could be related to individual choices, as we only evaluated the daily
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level. Future studies should examine if there are variations in the perception of diet
quality among young adults specifically at the dinner level.
Four cross-sectional studies among adults, with sample sizes ranging from 485 to
4,419, found a positive relationship between dietary indexes, such as HEI and DASH
index scores, and perceived diet quality (Adjoian et al., 2016; Carbonneau et al., 2019;
Powell-Wiley et al., 2014; Woglom et al., 2020). However, mean scores for those who
rated their diet quality higher were still suboptimal (i.e. mean HEI score of 63.0–73.1 out
of 100) (Adjoian et al., 2016; Carbonneau et al., 2019; Powell-Wiley et al., 2014). These
findings are consistent with our results. When looking at the mean intake of each food
group category, we observed that for healthier foods, such as fruits, vegetables, and
whole grains, the highest mean intake was below the dietary guideline recommendation
for a 2,000-calorie diet, while the lowest mean intake for less healthful foods, such as
refined grains, added sugar and saturated fat, was above the recommendation. Our
findings suggest that young adults are aware of the food groups that are known to be
more vs. less healthful. However, they may not be aware of how much they should be
consuming of these food groups.
Adjoian et al. (2013) and Carbonneau et al. (2019) concluded that perceived diet
quality was better at identifying those who were “true poor eaters” (those who have a
poor diet and a realistic perception) than those who were “true good eaters” (those who
have a more healthful diet and a realistic perception) (Adjoian et al., 2016; Carbonneau et
al., 2019). It has been suggested that, besides personal characteristics that are known to
influence diet quality (i.e. age, sex, race/ethnicity, income, and BMI), differences in the
definition of what constitutes a healthy diet among participants could be driving the
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discrepancy between perceived and objective diet quality (Carbonneau et al., 2019; Hiza
et al., 2013). Additionally, a report from the USDA among 18,324 adults aged 20 years
and older examined changes in the perception of diet quality from 1989–90 and 2007–08
and found that the odds of rating their diet as excellent or very good have decreased, even
though the overall diet quality of Americans has not changed much, suggesting that
people are becoming more realistic about their diet (Gregory et al., 2011). They proposed
that awareness of the Dietary Guidelines for Americans could explain this finding, but
they did not test it (Gregory et al., 2011). In contrast, a study using data from NHANES
2005-2006 among 5,499 individuals aged 16 years and older examined the association
between awareness of the federal dietary guidance (the Food Guide Pyramid) and the
perception of diet quality and found no significant results after adjusting for covariates
(Wright & Wang, 2011). In our study, those who rated their diet as excellent/very good or
good were more likely to be aware of the federal dietary guidance. Other studies have
found that awareness of MyPyramid and MyPlate have been associated with better diet
quality as compared to those who are unaware of such guidance (Jahns, Conrad, Johnson,
Raatz, & Kranz, 2018; Schwartz & Vernarelli, 2019). However, the associations were
weak, which suggests that the impact of awareness of the dietary guidance on diet quality
is small.
Our study had some notable strengths, including the fact that we used data from
NHANES to explore dietary patterns derived using latent class analysis, a data-driven
approach, among young adults. NHANES uses standardized and rigorous methods to
collect their data. Our sample size was also large, which allowed for covariate adjustment
in the multivariate model. Nonetheless, our study also has some limitations. We used
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dietary intake data collected from two-nonconsecutive 24-hour dietary recalls to derived
dietary patterns. This may not represent participants’ usual dietary intake and
consequently, consumption of certain food groups may have been underestimated. We
also created categories for each of the food groups, which reduced the variation in the
dietary data. In addition, we did not adjust for complex survey design and sample
weights, which could limit the generalization of our results. We also had a smaller sample
size for the multivariate model because of missing data for some covariates. However,
the distribution of the variables for the models with and without missing data is very
similar, which suggest that data is missing at random, and the results would be alike.
Finally, most of our data was self-reported and it could have been impacted by social
desirability and recall biases.

1.6 Conclusion
Using latent class analysis, we identified six dietary patterns among young adults.
We found that those following dietary patterns with higher intake of fruits, vegetables,
whole grains, and plant protein were more likely to rate their diet better, while those
following dietary patterns with lower intake of these food groups and higher intake of
cheese, solid fats, refined grains, and added sugar were more likely to rate their diet
worse. These findings suggest that young adults are aware of the healthfulness of their
dietary patterns. Future studies should examine strategies to increase intake of more
healthful food groups, such as fruits, vegetables, and whole grain among young adults
with poor dietary patterns as this could potentially help prevent chronic diseases later in
life. Better understanding the association between dietary patterns and perceived diet

17

quality could facilitate the creation of effective public health interventions or nutrition
education campaigns targeting young adults.
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Table 1.1 Food groups used in the latent class analysis with categories, range, mean
intake and standard deviation, and sample size for each category (unweighted).
Food group1
Vegetable
All vegetables,
excluding potatoes,
legumes (cup eq.)
Potatoes (cup eq.)

Categories

Range

Mean intake
(SD)

n

Low
Medium
High
Not consumed
Below median
Above median

0 to 0.50
0.51 to 1.08
1.09 to 10.11
0
0.01 to 0.42
0.43 to 5.22

0.26 (0.2)
0.76 (0.2)
1.88 (0.8)
0
0.23 (0.1)
0.83 (0.4)

1837
1845
1840
1985
1766
1771

Not consumed
Below median
Above median
Not consumed
Below median
Above median

0
0.01 to 0.58
0.59 to 8.21
0
0.01 to 0.41
0.42 to 16.0

0
0.24 (0.2)
1.47 (0.9)
0
0.11 (0.1)
1.18 (1.0)

2152
1685
1685
2453
1530
1539

Not consumed
Below median
Above median
Low
Medium
High

0
0.01 to 0.75
0.76 to 12.28
0 to 4.52
4.53 to 7.22
7.23 to 31.08

0
0.37 (0.2)
1.86 (1.3)
3.02 (1.1)
5.80 (0.8)
10.29 (3.1)

2129
1695
1698
1840
1841
1841

Low
Medium
High
Low
Medium
High

0 to 0.21
0.22 to 0.85
0.86 to 9.44
0 to 0.36
0.37 to 1.02
1.03 to 8.08

0.07 (0.1)
0.50 (0.2)
1.74 (1.0)
0.11 (0.1)
0.66 (0.2)
1.83 (0.8)

1838
1844
1840
1814
1871
1837

Low
Medium
High
Not consumed
Below median
Above median
Low
Medium
High
Not consumed

0 to 0.21
0.22 to 1.84
1.85 to 36.34
0
0.01 to 0.99
1.00 to 11.73
0 to 1.02
1.03 to 2.76
2.77 to 24.32
0

0.01 (0.04)
1.00 (0.5)
3.86 (2.2)
0
0.45 (0.3)
2.43 (1.5)
0.35 (0.3)
1.84 (0.5)
4.97 (2.3)
0

1836
1845
1841
1858
1845
1819
1837
1845
1840
4170

Fruit
Whole fruits (cup
eq.)
Fruit juice (cup eq.)
Grains
Whole grains (oz.
eq.)
Refined grains (oz.
eq.)
Dairy
All dairy products,
excluding cheese
(cup eq.)
Cheese (cup eq.)
Protein foods
Red meat and organ
meat (oz. eq.)
Cured meat (oz.
eq.)
Poultry and eggs
(oz. eq.)
Seafood (oz. eq.)
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Plant protein (oz.
eq.)

Consumed
Not consumed
Below median
Above median

0.01 to 22.64
0
0.01 to 0.93
0.94 to 24.56

2.31 (2.4)
0
0.35 (0.27)
2.67 (2.0)

1352
1996
1766
1760

Low
Medium
High
Low
Medium
High
Low
Medium
High
Not consumed
Consumed

0 to15.83
15.84 to 29.17
29.18 to 151.93
0 to 24.28
24.29 to 41.65
41.66 to 155.64
0 to 11.28
11.29 to 21.88
21.89 to 131.83
0

9.59 (4.1)
22.12 (3.8)
44.01 (14.1)
15.34 (5.9)
32.27 (4.9)
60.37 (17.6)
6.54 (3.0)
16.35 (3.0)
35.30 (13.4)
0

1840
1841
1841
1841
1841
1840
1840
1841
1841
4156

0.01 to 27.72

2.14 (2.2)

1366

Other calories
Oils

Solid fats (grams)
Added sugars (tsp.
eq.)
Alcoholic
beverages (no. of
drinks)
1Detailed

description of each food group is found on Table 1.9.
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Table 1.2. Model information for latent class analysis (LCA) models fit to data.
Dietary Patterns

AIC

BIC

Entropy

Model with 4 classes
Model with 5 classes
Model with 6 classes
Model with 7 classes
Model with 8 classes
Model with 9 classes

92197.89
91535.99
91166.68
90969.61
90789.06
90639.19

93064.65
92621.09
92470.13
92491.40
92529.20
92597.67

0.71
0.68
0.68
0.68
0.67
0.68

Abbreviations: AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion
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Table 1.3. Sociodemographic characteristics of the study sample according to perceived
diet quality; n (%); NHANES 2007-2018 (n = 5,522).
Characteristics
Total

Perceived Diet Quality
Excellent/
Good
Very good

Fair/Poor

Pvalue

Age
18-23 years
24-29 years

3057 (55.4)
2465 (44.6)

652 (52.2)
598 (47.8)

1287 (55.1) 1118 (57.8)
0.0069
1051 (45.0) 816 (42.2)

Gender
Male
Female

2611 (47.3)
2911 (52.7)

646 (51.7)
604 (48.3)

1056 (45.2) 909 (47.0)
0.0009
1282 (54.8) 1025 (53.0)

Race/Ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other

1863 (33.7)
1290 (23.4)
1603 (29.0)
766 (13.9)

472 (37.8)
260 (20.8)
277 (22.2)
241 (19.3)

832 (35.6)
499 (21.3)
696 (29.8)
311 (13.3)

2683 (48.6)

503 (40.2)

1080 (46.2) 1100 (56.9)

2837 (51.4)

747 (59.8)

1256 (53.8)

834 (43.1)

PIR1 (n=5075)
< 130%
130-350%
> 350%

2170 (42.8)
1840 (36.3)
1065 (21.0)

447 (38.7)
377 (32.6)
331 (28.7)

909 (42.3)
781 (36.3)
461 (21.4)

814 (46.0)
682 (38.6)
273 (15.4)

<.0001

BMI (n=5464)
Underweight
Normal weight
Overweight
Obese

214 (3.9)
2254 (41.3)
1393 (25.5)
1603 (29.3)

60 (4.8)
661 (53.7)
326 (26.5)
183 (14.9)

94 (4.1)
985 (42.5)
615 (26.5)
624 (26.9)

60 (3.1)
608 (31.7)
452 (23.6)
796 (41.5)

<.0001

Self-rated health
status (n=5284)
Excellent/Very good
Good
Fair/Poor

2315 (43.8)
2199 (41.6)
770 (14.6)

889 (75.0)
255 (21.5)
42 (3.5)

1005 (44.8)
1053 (46.9)
188 (8.4)

421 (22.7)
891 (48.1)
540 (29.2)

<.0001

Education (n=5520)
High school or less
More than high
school
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559 (28.9)
531 (27.5)
630 (32.6)
214 (11.1)

<.0001

<.0001

Awareness of
dietary guidance
(n=5389)
Yes
No

3143 (58.3)
2246 (41.7)

Physical activity
(n=5521)
<500 MET-min/week
500 MET-min/week

1327 (24.0) 202 (16.2) 566 (24.2) 559 (28.9)
<.0001
4194 (76.0) 1048 (83.8) 1771 (75.8) 1375 (71.1)

1Poverty

738 (60.6)
479 (39.4)

income ratio

23

1375 (60.4) 1030 (54.3)
<.0001
901 (39.6) 866 (45.7)

Table 1.4. Unweighted probabilities (Rho estimates)1 of consumption of food groups
according to dietary patterns (latent classes)2; NHANES 2007-2018 (n = 5,522).

Food group

Categories

All vegetables,
except potatoes
and legumes
(cup eq.)

Low
Medium

Potatoes (cup
eq.)
Whole fruits
(cup eq.)
Fruit juice (cup
eq.)
Whole grains
(oz. eq.)
Refined grains
(oz. eq.)
All dairy,
except cheese
(cup eq.)
Cheese (cup
eq.)
Red meat and
organ meat (oz.
eq.)
Cured meat (oz.
eq.)
Poultry and
eggs (oz. eq.)
Seafood (oz.
eq.)
Plant protein
(oz. eq.)

Probability of consumption (Rho estimates)
Class Class Class Class Class Class
1
2
3
4
5
6
16.0
46.1
17.3
56.0
22.4
44.6
25.0
32.7
36.5
33.2
29.8
41.4

High

59.1

21.2

46.3

10.8

47.8

13.9

Not consumed
Below median
Above median
Not consumed
Below median
Above median
Not consumed
Below median
Above median
Not consumed
Below median
Above median
Low
Medium
High
Low
Medium
High
Low
Medium
High
Low
Medium
High
Not consumed
Below median
Above median
Low
Medium
High
Not consumed
Consumed
Not consumed
Below median
Above median

50.5
33.6
16.0
15.5
28.6
55.9
46.5
27.7
25.8
22.6
26.6
50.9
56.5
31.2
12.3
30.5
34.1
35.4
66.6
29.9
3.5
52.9
27.3
19.8
62.8
22.3
14.9
31.0
35.6
33.5
61.7
38.3
19.7
24.6
55.7

9.1
25.8
65.2
61.2
28.4
10.4
45.3
29.8
24.9
59.4
29.1
11.5
38.1
45.9
16.1
57.1
28.7
14.2
42.0
45.1
12.9
37.5
33.8
28.7
32.8
36.7
30.6
19.7
34.5
45.8
72.3
27.7
51.8
28.7
19.5

23.7
27.0
49.3
37.1
33.4
29.4
36.0
31.0
33.0
37.1
31.7
31.3
0.0
16.3
83.7
21.7
34.0
44.3
09.4
22.3
68.2
17.8
29.6
52.6
19.0
34.5
46.5
26.2
31.1
42.7
79.6
20.4
27.8
33.9
38.3

48.7
34.0
17.3
50.9
27.3
21.8
48.6
25.5
25.9
49.9
33.5
16.6
72.1
23.9
4.1
45.9
33.4
20.7
57.8
35.7
6.5
37.0
36.4
26.6
41.5
36.3
22.1
44.4
32.9
22.7
79.2
20.8
53.7
34.6
11.7

42.1
33.0
24.9
13.7
35.5
50.8
34.1
33.6
32.3
17.8
27.2
55.0
30.3
40.9
28.8
15.0
36.5
48.5
26.6
41.8
31.7
40.9
35.5
23.6
37.2
29.6
33.2
29.2
33.1
37.8
68.0
32.0
17.8
34.0
48.3

40.6
38.4
20.9
59.4
27.4
13.2
60.5
17.2
22.3
49.1
35.3
15.5
15.3
45.7
39.0
39.2
32.2
28.6
9.9
30.0
60.2
20.2
36.6
43.3
17.4
39.5
43.1
48.0
34.5
17.4
89.0
11.0
50.1
32.7
17.2
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Oils
Solid fats
(grams)
Added sugars
(tsp. eq.)
Alcoholic
beverages (no.
of drinks)

Low
Medium
High
Low
Medium
High
Low
Medium
High
Not consumed

29.2
39.8
31.0
96.7
3.3
0.0
71.5
23.9
4.6
78.8

3.6
38.8
57.6
44.8
41.8
13.4
20.3
37.9
41.8
75.7

07.5
26.8
65.7
0.0
10.9
89.1
08.4
29.1
62.5
69.5

82.4
17.6
0.0
75.1
22.3
2.6
52.2
31.2
16.6
81.2

23.7
40.4
35.8
8.8
66.2
25.0
33.1
42.0
25.0
73.9

52.2
39.5
8.3
3.0
47.0
50.0
25.7
33.4
40.9
74.7

Consumed

21.2

24.3

30.5

18.8

26.1

25.3

1

Main food groups defining each class (dietary pattern) are those with probabilities equal
or greater to 50.0% and are shown in bold style.
2Each

class was named as follows:
Class #1 = “Prudent”
Class #2 = “Potatoes and Poultry”
Class #3 = “Western with vegetables”
Class #4 = “Low intake”
Class #5 = “Prudent with saturated fat”
Class #6 = “Western”
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Table 1.5. Sociodemographic characteristics of the study sample according to dietary
patterns (latent classes); n (%); NHANES 2007–2018 (n = 5,522).
Characteristics

Dietary Patterns
Class #1

Class #2

Class #3

Class #4

Class #5

Class #6

Pvalue

308
(45.2)
374
(54.8)

430
(60.4)
282
(39.6)

632
(55.5)
506
(44.5)

570
(58.3)
407
(41.7)

581
(51.8)
541
(48.2)

536
(60.2)
355
(39.8)

<.0001

234
(34.3)
448
(65.7)

329
(46.2)
383
(53.8)

754
(66.3)
384
(33.7)

339
(34.7)
638
(65.3)

476
(42.4)
646
(57.6)

479
(53.8)
412
(46.2)

<.0001

Non-Hispanic White

202
(29.6)

Non-Hispanic Black

84 (12.3)

179
(25.1)
288
(40.5)
157
(22.1)

390
(34.3)
298
(26.2)
357
(31.4)
93 (8.2)

407
(36.3)
194
(17.3)
336
(30.0)
185
(16.5)

375
(42.1)
191
(21.4)
240
(26.9)

88 (12.4)

310
(31.7)
235
(24.1)
300
(30.7)
132
(13.5)

221
(32.4)
461
(67.6)

379
(53.2)
333
(46.8)

577
(50.8)
560
(49.3)

546
(55.9)
431
(44.1)

437
(39.0)
685
(61.1)

523
(58.8)
367
(41.2)

<.0001

213
(34.1)
226
(36.2)
186
(29.8)

290
(45.1)
241
(37.5)
112
(17.4)

465
(44.2)
391
(37.2)
196
(18.6)

455
(51.7)
298
(33.9)
127
(14.4)

381
(36.6)
370
(35.5)
291
(27.9)

366
(43.9)
314
(37.7)
153
(18.4)

<.0001

20 (3.0)
307
(45.4)
173
(25.6)
177
(26.1)

18 (2.6)
271
(38.6)
176
(25.0)
238
(33.9)

55 (4.9)
477
(42.5)
294
(26.2)
296
(26.4)

38 (3.9)
361
(37.3)

43 (3.9)
498
(44.9)
274
(24.7)
295
(26.6)

40 (4.5)
340
(38.5)
225
(25.5)
279
(31.6)

0.0003

Age
18-23 years
24-29 years

Gender
Male
Female

Race/Ethnicity

Hispanic
Other

213
(31.2)
183
(26.8)

<.0001

85 (9.5)

Education (n=5520)
High school or less
More than high
school
PIR1 (n=5075)
< 130%
130-350%
> 350%

BMI (n=5464)
Underweight
Normal weight
Overweight
Obese

26

251 (25.9
318
(32.9)

Self-rated health
status (n=5284)
Excellent/Very good
Good
Fair/Poor

354
(54.6)
233
(36.0)

263
(38.2)
290
(42.1)
136
(19.7)

471
(43.0)
473
(43.2)
151
(13.8)

321
(34.6)
441
(47.5)
166
(17.9)

566
(52.7)
390
(36.3)
119
(11.1)

340
(40.1)
372
(43.8)
137
(16.1)

<.0001

387
(57.9)
282
(42.2)

355
(50.8)
344
(49.2)

684
(61.5)
429
(38.5)

520
(54.9)
427
(45.1)

688
(62.5)
413
(37.5)

509
(59.2)
351
(40.8)

<.0001

126
(18.5)
556
(81.5)

185
(26.0)
527
(74.0)

253
(22.3)
884
(77.7)

281
(28.8)
696
(71.2)

235
(20.9)
887
(79.1)

247
(27.7)
644
(72.3)

<.0001

61 (9.4)

Awareness of
dietary guidance
(n=5389)
Yes
No
Physical activity
(n=5521)
<500 METmin/week
500 METmin/week
1Poverty

income ratio
class was named as follows:
Class #1 = “Prudent”
Class #2 = “Potatoes and Poultry”
Class #3 = “Western with vegetables”
Class #4 = “Low intake”
Class #5 = “Prudent with saturated fat”
Class #6 = “Western”
2Each
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Table 1.6. Distribution of outcome (perceived diet quality) by the exposure (dietary
patterns); n (%); NHANES 2007-2018 (n = 5,522).
Dietary
Patterns

Total

Class #1
Class #2
Class #3
Class #4
Class #5
Class #6

682 (12.4)
712 (12.9)
1138 (20.6)
977 (17.7)
1122 (20.3)
891 (16.1)

1Total

Perceived Diet Quality
Excellent/Very
Good
good
258 (37.8)
270 (39.6)
110 (15.5)
282 (39.6)
207 (18.2)
495 (43.5)
190 (19.5)
420 (43.0)
352 (31.4)
487 (43.4)
133 (14.9)
384 (43.1)

Fair/Poor
154 (22.6)
320 (44.9)
436 (38.3)
367 (37.6)
283 (22.5)
374 (42.0)

shows the posterior probabilities of latent class membership (gamma estimates) for

class.
2Each class was named as follows:
Class #1 = “Prudent”
Class #2 = “Potatoes and Poultry”
Class #3 = “Western with vegetables”
Class #4 = “Low intake”
Class #5 = “Prudent with saturated fat”
Class #6 = “Western”
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Table 1.7. Unadjusted and adjusted odds ratios (OR)1 and 95% confidence intervals (CI)
for the association between dietary patterns (latent classes) and perceived diet quality;
NHANES 2007-2018 (n = 4,808).
Dietary Patterns3
Class #1
Class #2
Class #3
Class #4
Class #5
Class #6

Perceived Diet Quality
Unadjusted OR (95%CI)
Adjusted2 OR (95%CI)
Ref
Ref
2.67 (2.57, 4.09)
2.47 (1.96, 3.12)
2.59 (2.13, 3.13)
2.33 (1.81, 3.00)
2.59 (2.12, 3.15)
1.86 (1.50, 2.30)
1.31 (1.08, 1.58)
1.28 (1.04, 1.57)
3.14 (2.57, 3.85)
2.53 (2.03, 3.16)

1

OR calculated using ordered logistic regression (descending from excellent to poor).
for age categories, gender, race/ethnicity, poverty income ratio, education,
health perception, BMI categories, physical activity, and total caloric intake.
2Adjusted

3Each

class was named as follows:
Class #1 = “Prudent”
Class #2 = “Potatoes and Poultry”
Class #3 = “Western with vegetables”
Class #4 = “Low intake”
Class #5 = “Prudent with saturated fat”
Class #6 = “Western”
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Table 1.8. Adjusted predicted probabilities and 95% confidence intervals (CI) for the
association between dietary patterns (latent classes) and perceived diet quality; NHANES
2007-2018 (n = 4,808).

Dietary Patterns2
Class #1
Class #2
Class #3
Class #4
Class #5
Class #6

Adjusted1 Predicted Probabilities (95% CI)
Perceived Diet Quality
Excellent/Very
Good
Fair/Poor
good
24.1 (21.3, 26.8)
32.0 (28.8, 35.2)
43.9 (42.4, 45.4)
39.8 (36.6, 42.9)
17.8 (15.5, 20.1)
42.4 (40.8, 44.1)
38.8 (35.6, 42.0)
18.5 (16.2, 20.7)
42.7 (41.1, 44.4)
34.3 (31.3, 37.3)
21.8 (19.3, 24.4)
43.8 (42.4, 45.3)
27.9 (25.7, 30.2)
27.7 (25.5, 29.9)
44.4 (42.9, 45.8)
40.3 (37.5, 43.1)
17.4 (15.4, 19.4)
42.2 (40.6, 43.8)

1Adjusted

for age, gender, race/ethnicity, poverty income ratio, education, health
perception, BMI categories, physical activity, and total caloric intake.
2Each

class was named as follows:
Class #1 = “Prudent”
Class #2 = “Potatoes and Poultry”
Class #3 = “Western with vegetables”
Class #4 = “Low intake”
Class #5 = “Prudent with saturated fat”
Class #6 = “Western”

30

Table 1.9. Food groups used in the latent class analysis with categories, and weighted
range, mean intake and standard deviation, and unweighted sample size for each category
(n= 5,522).
Food group
Vegetable
All vegetables,
excluding potatoes
and legumes (cup eq.)
Potatoes (cup eq.)

Categories

Range

Mean intake
(SD)

n

Low
Medium
High
Not consumed
Below median
Above median

0 to 0.5
0.5 to 1.1
1.09 to 10.1
0
0.01 to 0.4
0.4 to 5.2

0.3 (14.4)
0.8 (16.2)
1.9 (78.9)
0
0.2 (9.8)
0.9 (44.1)

1921
1844
1757
1985
1856
1681

Not consumed
Below median
Above median
Not consumed
Below median
Above median

0
0.01 to 0.6
0.6 to 8.2
0
0.01 to 0.4
0.4 to 16.0

0
0.3 (17.2)
1.6 (100.0)
0
0.1 (10.9)
1.1 (80.3)

2152
1713
1657
2453
1542
1527

Not consumed
Below median
Above median
Low
Medium
High

0
0.01 to 0.8
0.8 to 12.3
0 to 4.5
4.5 to 7.2
7.2 to 31.1

0
0.4 (20.1)
1.9 (114.9)
2.9 (105.2)
5.8 (73.4)
10.2 (276.9)

2129
1731
1662
1788
1901
1833

Low
Medium
High
Low
Medium
High

0 to 0.2
0.2 to 0.9
0.9 to 9.4
0 to 0.4
0.4 to 1.1
1.1 to 8.1

0.1 (6.1)
0.5 (18.0)
1.8 (102.2)
0.1 (13.3)
0.7 (17.7)
1.9 (78.7)

1867
1879
1776
1993
1796
1733

Low
Medium
High
Low
Medium
High
Low
Medium
High
Not consumed

0 to 0.2
0.2 to 1.8
1.8 to 36.3
0 to 0.1
0.1 to 1.0
1.0 to 11.7
0 to 1.0
1.0 to 2.7
2.7 to 24.3
0

0.01 (2.2)
1.0 (42.2)
3.8 (193.2)
0.01 (0.8)
0.5 (28.7)
2.5 (140.3)
0.3 (32.0)
1.8 (47.1)
4.9 (220.9)
0

1777
1894
1851
1944
1803
1775
1769
1894
1851
4170

Fruit
Whole fruits (cup eq.)

Fruit juice (cup eq.)
Grains
Whole grains (oz.
eq.)
Refined grains (oz.
eq.)
Dairy
All dairy products,
excluding cheese
(cup eq.)
Cheese (cup eq.)
Protein foods
Red meat and organ
meat (oz. eq.)
Cured meat (oz. eq.)
Poultry and eggs (oz.
eq.)
Seafood (oz. eq.)
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Plant protein (oz. eq.)

Consumed
Not consumed
Below median
Above median

0.01 to 22.6
0
0.01 to 1.0
1.0 to 24.6

2.3 (224.3)
0
0.4 (28.1)
2.8 (2.0)

1352
1996
1879
1647

Low
Medium
High
Low
Medium
High
Low
Medium
High
Not consumed
Consumed

0 to 16.1
16.1 to 29.5
29.5 to 151.9
0 to 24.6
24.6 to 42.0
42.0 to 155.6
0 to 10.6
10.6 to 21.1
21.2 to 131.8
0
0.01 to 27.7

9.8 (395.5)
22.5 (358.4)
44.3 (1335.1)
15.7 (571.0)
32.7 (471.5)
60.1 (1640.6)
6.1 (281.6)
15.7 (280.6)
34.2 (1213.2)
0
2.1 (222.4)

1881
1839
1802
1879
1833
1810
1699
1880
1943
4156
1366

Other calories
Oils

Solid fats (grams)
Added sugars (tsp.
eq.)
Alcoholic beverages
(no. of drinks)
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Table 1.10. Model fit information for LCA models fit to data (weighted sample).
Dietary Patterns

AIC

BIC

Entropy

Model with 2 classes
Model with 3 classes
Model with 4 classes
Model with 5 classes
Model with 6 classes
Model with 7 classes
Model with 8 classes
Model with 9 classes

99161.93
97807.61
97236.37
96649.47
96040.98
95837.35
95572.48
95344.62

99592.00
98456.03
98103.13
97734.58
97344.43
97359.14
97312.62
97303.10

0.74
0.70
0.72
0.66
0.68
0.70
0.69
0.68
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Table 1.11. Sociodemographic characteristics of the study sample according to perceived
diet quality; unweighted frequency, (weighted %); NHANES 2007–2018, (N = 5,522).
Characteristics
Total

Perceived Diet Quality
Excellent/
Good
Very good

Fair/Poor

Pvalue

Age
18-23 years
24-29 years

3057 (50.8)
2465 (49.2)

652 (22.8)
598 (27.7)

1287 (42.4) 1118 (34.8)
0.0064
1051 (42.6) 816 (29.7)

Gender
Male
Female

2611 (49.4)
2911 (50.6)

646 (26.4)
604 (24.0)

1056 (39.8) 909 (33.8)
0.0193
1282 (45.1) 1025 (30.8)

Race/Ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other

1863 (55.5)
1290 (14.4)
1603 (20.8)
766 (9.3)

472 (28.3)
260 (20.1)
277 (17.8)
241 (31.3)

832 (43.0)
499 (38.7)
696 (45.2)
311 (39.7)

2683 (43.0)

503 (20.7)

1080 (41.1) 1100 (38.2)

2837 (57.0)

747 (28.6)

1256 (43.5)

834 (27.9)

PIR1 (n=5075)
< 130%
130-350%
> 350%

2170 (35.0)
1840 (35.7)
1065 (29.3)

447 (20.9)
377 (23.3)
331 (34.4)

909 (42.4)
781 (43.4)
461 (40.8)

814 (36.7)
682 (33.3)
273 (24.9)

<.0001

BMI (n=5464)
Underweight
Normal weight
Overweight
Obese

214 (3.4)
2254 (41.5)
1393 (25.7)
1603 (29.4)

60 (28.4)
661 (32.6)
326 (27.3)
183 (11.8)

94 (38.3)
985 (42.8)
615 (43.8)
624 (41.7)

60 (33.3)
608 (24.5)
452 (28.9)
796 (46.5)

<.0001

Self-rated health
status (n=5284)
Excellent/Very good
Good
Fair/Poor

2315 (48.5)
2199 (38.9)
770 (12.6)

889 (40.0)
255 (12.2)
42 (6.9)

1005 (43.3)
1053 (47.7)
188 (24.8)

421 (16.7)
891 (40.2)
540 (68.3)

<.0001

Education (n=5520)
High school or less
More than high
school
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559 (28.8)
531 (41.2)
630 (37.0)
214 (29.0)

<.0001

<.0001

Awareness of
dietary guidance
(n=5389)
Yes
No

3143 (58.4)
2246 (41.6)

Physical activity
(n=5521)
<500 MET-min/week
500 MET-min/week

1327 (22.0) 202 (15.5) 566 (42.8) 559 (41.8)
<.0001
4194 (78.0) 1048 (28.0) 1771 (42.4) 1375 (29.6)

1Poverty

738 (27.4)
479 (21.8)

income ratio
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1375 (43.2) 1030 (29.4)
<.0001
901 (41.5) 866 (36.6)

Table 1.12. Weighted probabilities (Rho estimates) of consumption of food groups
according to dietary patterns (latent classes); NHANES 2007-2018, (n = 5,522).

Food group1

Categories

All vegetables,
excluding
potatoes/legumes
(cup eq.)

Low
Medium

Potatoes (cup
eq.)
Whole fruits
(cup eq.)
Fruit juice (cup
eq.)
Whole grains
(oz. eq.)
Refined grains
(oz. eq.)
All dairy,
excluding cheese
(cup eq.)
Cheese (cup eq.)
Red meat and
organ meat (oz.
eq.)
Cured meat (oz.
eq.)
Poultry and eggs
(oz. eq.)
Seafood (oz. eq.)
Plant protein (oz.
eq.)

Probability of consumption (Rho estimates)
Class Class Class Class Class Class
1
2
3
4
5
6
49.8
51.2
18.5
46.8
12.1
37.8
31.0
31.6
34.9
36.4
25.5
43.5

High

19.2

17.2

46.7

16.7

62.4

18.8

Not consumed
Below median
Above median
Not consumed
Below median
Above median
Not consumed
Below median
Above median
Not consumed
Below median
Above median
Low
Medium
High
Low
Medium
High
Low
Medium
High
Low
Medium
High
Low
Medium
High
Low
Medium
High
Not consumed
Consumed
Not consumed
Below median
Above median

50.6
30.8
18.6
49.9
25.4
24.7
54.7
22.1
23.3
45.0
35.2
19.8
69.1
24.6
6.3
44.4
35.8
19.8
66.5
31.2
2.3
36.7
34.6
28.7
49.4
30.8
19.8
43.1
30.9
26.1
77.1
22.9
51.0
35.1
13.9

41.0
40.1
18.9
28.6
37.5
34.0
52.3
20.2
27.4
18.0
40.1
41.9
32.4
49.0
18.6
5.3
40.7
53.9
18.5
49.9
31.6
28.8
48.0
23.2
24.4
40.9
34.7
38.7
41.3
20.0
84.2
15.9
27.1
47.7
25.2

29.4
29.2
41.4
29.1
36.8
34.2
37.1
30.8
32.1
30.7
31.2
38.1
2.7
17.9
79.5
15.8
35.8
48.4
13.6
22.3
64.2
21.4
30.7
47.9
21.1
34.4
44.5
24.7
32.2
43.1
79.3
20.7
23.6
34.3
42.0

10.2
26.0
63.8
54.6
31.1
14.3
45.6
29.9
24.6
56.7
30.8
12.5
37.1
47.1
15.9
56.1
26.6
17.3
48.3
44.5
7.3
42.7
29.2
28.2
35.5
32.0
32.5
17.1
30.8
52.1
69.9
30.1
48.4
29.6
22.0

49.4
30.5
20.2
12.1
30.9
57.0
43.5
30.8
25.7
11.4
28.8
59.8
49.5
36.2
14.4
26.1
36.0
38.0
47.5
37.4
15.1
56.1
27.8
16.2
49.7
24.0
26.3
27.3
35.6
37.1
59.7
40.4
13.2
26.5
60.3

36.4
36.5
27.1
69.0
22.3
8.8
66.6
16.7
16.7
57.5
31.3
11.2
12.5
42.7
44.8
63.4
22.4
14.2
5.1
23.5
71.5
14.9
34.0
51.1
17.9
40.5
41.6
52.0
30.7
17.3
88.9
11.1
54.8
25.7
19.5
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Oils
Solid fats
(grams)
Added sugars
(tsp. eq.)
Alcoholic
beverages (no. of
drinks)

Low
Medium
High
Low
Medium
High
Low
Medium
High
Not consumed

77.2
22.9
0.0
80.3
16.0
3.7
56.1
28.4
15.5
77.1

54.3
32.7
13.0
7.4
64.5
28.1
12.6
51.9
35.5
84.5

9.0
30.3
60.7
0.0
18.1
82.0
11.3
32.0
56.7
67.2

1.3
40.1
58.7
47.7
37.2
15.1
18.0
37.9
44.2
77.1

19.5
36.7
43.8
55.9
38.5
5.7
62.4
30.1
7.6
63.9

44.0
41.8
14.2
6.6
45.6
47.8
32.7
26.1
41.1
63.7

Consumed

22.9

15.5

32.8

22.9

36.1

36.3

1

Main food groups defining each class (dietary pattern) are those with probabilities equal
or greater to 50.0% and are shown in bold style.
Each class was named as follows:
Class #1 = “Low intake”
Class #2 = “Combination”
Class #3 = “Western with vegetables”
Class #4 = “Potatoes and Poultry”
Class #5 = “Prudent”
Class #6 = “Western”
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Table 1.13. Sociodemographic characteristics of the study sample according to dietary
patterns (latent classes); unweighted frequency, (weighted %); NHANES 2007–2018, (N
= 5,522).
Dietary Patterns2

Characteristics
Class #1

Class #2

Class #3

Class #4

Class #5

Class #6

Pvalue

660
(21.1)
474
(18.2)

410
(14.4)
242
(10.1)

747
(23.7)
631
(25.7)

408
(11.9)
266
(10.3)

434
(15.5)
550
(22.7)

398
(13.4)
302
(12.9)

<.000
1

881
(33.8)
497
(15.9)

302
(10.9)
372
(11.4)

374
(14.8)
610
(23.2)

414
(15.6)
286
(10.7)

<.000
1

174 (9.1)

341
(19.7)

283
(22.5)

121 (9.1)

286
(13.9)
158
(13.5)
183
(12.9)

Age
18-23 years
24-29 years

Gender
Male
Female

Race/Ethnicity
Non-Hispanic
White
Non-Hispanic
Black
Hispanic
Other

396
(15.3)
738
(24.0)

321
(18.3)
257
(20.4)
388
(21.9)
168
(21.6)

244 (9.7)
408
(14.7)

273
(14.4)
135 (9.4)
187
(10.4)
57 (7.7)

468
(24.5)
336
(25.0)
434
(28.2)
140
(17.9)

140 (8.6)
77 (11.4)

271
(17.9)
251
(33.0)

<.000
1

73 (8.4)

Education
(n=5,520)
High school or less
More than high
school

626
(23.2)
508
(17.0)

365
(14.5)
287
(10.6)

679
(25.2)
698
(24.3)

511
(24.2)
347
(17.5)
157
(15.6)

243
(11.6)
243
(13.2)
124
(12.3)

545
(24.1)
475
(26.6)
247
(23.3)

44 (17.4)
414
(17.1)

23 (16.2)
275
(13.3)

73 (33.7)
593
(25.2)

356
(12.8)

272 (9.2)
712
(26.5)

385
(15.0)
314
(11.7)

<.000
1

318 (9.9)

282
(12.9)
327
(19.2)
306
(26.9)

299
(13.5)
235
(13.6)
124
(12.8)

<.000
1

32 (13.8)
447
(20.9)

25 10.5)
260
(12.4)

0.020
1

PIR1 (n=5075)
< 130%
130-350%
> 350%

290
(13.7)
213
(10.0)
107 (9.2)

BMI (n=5,464)
Underweight
Normal weight
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17 (8.3)
265
(11.1)

Overweight
Obese
Self-rated health
status (n=5,284)
Excellent/Very
good
Good
Fair/Poor

287
(19.9)
376
(23.0)

152
(10.9)
193
(11.2)

338
(25.5)
355
(22.3)

167
(10.3)
217
(12.4)

268
(20.9)
232
(15.6)

181
(12.4)
230
(15.4)

382
(14.9)
513
(24.4)
180
(22.7)

272
(13.4)
266
(11.1)

610
(26.7)
546
(23.7)
170
(21.6)

263
(10.4)
260
(11.1)
123
(14.1)

534
(24.0)
322
(16.0)

254
(10.7)
292
(13.7)
127
(21.2)

<.000
1

321
(13.4)

585
(20.4)
383
(17.7)

370
(11.2)
305
(15.7)

<.000
1

177
(11.3)
497
(11.1)

173
(13.0)
811
(20.8)

186
(16.4)
514
(12.2)

0.000
2

78 (10.5)

92 (9.9)

Awareness of
dietary guidance
(n=5,389)
594
(18.3)
504
(21.1)

Yes
No
Physical activity
(n=5,521)
<500 METmin/week
500 METmin/week
1Poverty

315
(22.5)
819
(18.9)

427
(14.5)
208 (8.8)

169
(12.5)
483
(12.2)

822
(25.8)
525
(23.2)

307
(24.4)
1070
(24.8)

income ratio

2

Each class was named as follows:
Class #1 = “Low intake”
Class #2 = “Combination”
Class #3 = “Western with vegetables”
Class #4 = “Potatoes and Poultry”
Class #5 = “Prudent”
Class #6 = “Western”
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345 (9.8)

Table 1.14. Unadjusted and adjusted odds ratios (OR) and 95% confidence intervals for
the association between dietary patterns (latent classes) and perceived diet quality
adjusting for complex survey design; NHANES 2007-2018, (n = 4,808).

Dietary Patterns3

Class #1
Class #2
Class #3
Class #4
Class #5
Class #6

OR1 (95% CI)
Perceived Diet Quality
Unadjusted
Adjusted2
3.49 (2.63, 4.63)
3.26 (2.34, 4.51)
2.96 (2.30, 3.81)
4.01 (2.83, 5.67)
Ref
4.00 (2.98, 5.38)

2.37 (1.76, 3.18)
2.94 (2.12, 4.06)
2.66 (1.99, 3.56)
3.11 (2.16, 4.46)
Ref
2.74 (2.03, 3.70)

1Odds

ratios calculated using ordered logistic regression (odds descending from excellent
to poor).
2Adjusted

for age, gender, race/ethnicity, poverty income ratio, education, health
perception, BMI categories, physical activity, and total caloric intake.
3

Each class was named as follows:
Class #1 = “Low intake”
Class #2 = “Combination”
Class #3 = “Western with vegetables”
Class #4 = “Potatoes and Poultry”
Class #5 = “Prudent”
Class #6 = “Western”
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Table 1.15. Adjusted predicted probabilities and 95% confidence intervals for the
association between dietary patterns (latent classes) and perceived diet quality adjusting
for complex survey design; NHANES 2007-2018, (n = 4,808).

Dietary
Patterns2

Adjusted1 Predicted Probabilities (95% CI)
Perceived Diet Quality
Excellent/Very
Good
Fair/Poor
Good

Class #1
Class #2
Class #3
Class #4
Class #5
Class #6

23.6 (19.7, 27.6)
20.4 (16.2, 24.5)
21.8 (18.5, 25.1)
19.6 (15.3, 23.9)
39.4 (35.1, 43.6)
21.4 (18.0, 24.8)

44.2 (42.0, 46.3)
43.5 (41.2, 45.8)
43.9 (41.5, 45.8)
43.2 (40.8, 45.7)
41.9 (39.3, 44.5)
43.7 (41.6, 45.9)

1Adjusted

32.2 (28.2, 36.2)
36.1 (31.1, 41.2)
34.3 (30.0, 38.7)
37.2 (31.7, 42.8)
18.7 (16.0, 21.5)
34.9 (31.0, 38.7)

for age categories, gender, race/ethnicity, poverty income ratio, education,
health perception, BMI categories, physical activity, and total caloric intake.
2Each

class was named as follows:
Class #1 = “Low intake”
Class #2 = “Combination”
Class #3 = “Western with vegetables”
Class #4 = “Potatoes and Poultry”
Class #5 = “Prudent”
Class #6 = “Western”
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Table 1.16. Food groups used in the latent class analysis with description.
Food group
Vegetable

Description1

All vegetables, excluding
potatoes and legumes (cup eq.)

Dark green, red and orange, starchy, and other
vegetables; excludes white potatoes and legumes

Potatoes (cup eq.)

White potatoes

Fruit
Whole fruits (cup eq.)

Total intact or cut fruits

Fruit juice (cup eq.)

100% fruit juices

Grains
Whole grains (oz. eq.)

Whole grains (contain the entire grain kernel)

Refined grains (oz. eq.)

Refined or non-whole grains

Dairy
All dairy products, excluding
cheese (cup eq.)

Fluid milk and calcium fortified soy milk; Yogurt;
Whey

Cheese (cup eq.)

Cheeses

Protein foods
Meat and organ meat (oz. eq.)

Cured meat (oz. eq.)

Poultry and eggs (oz. eq.)

Seafood (oz. eq.)

Beef, veal, pork, lamb, game meat; Organ meat
from beef, veal, pork, lamb, game, and poultry;
excludes cured meat
Cured/luncheon meats such as frankfurters,
sausages, corned beef, cured ham that are made
from beef, pork, or poultry
Chicken, turkey, Cornish hens, duck, goose, quail,
and
pheasant (game birds); excludes organ meat and
cured meat; Eggs (chicken, duck, goose, quail) and
egg substitutes
Finfish, shellfish and other seafood high and low
in n-3
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Plant protein (oz. eq.)

fatty acids
Peanuts, tree nuts, and seeds, excludes coconut;
Beans, peas, and lentils (legumes) computed as
protein
foods; Soy products, excluding calcium fortified
soy milk and immature soybeans

Other calories

Oils

Solid fats (grams)

Fats naturally present in nuts, seeds, and seafood;
all unhydrogenated vegetable oils, except palm oil,
palm kernel oil, and coconut oils; the fat present in
avocado and olives above the allowable amount;
50% of the fat present in stick and tub margarines
and margarine spreads
Fats naturally present in meat, poultry, eggs, and
dairy (lard, tallow, and butter); fully or partially
hydrogenated oils; shortening; palm oil; palm
kernel oil; coconut oils; fats naturally present in
coconut meat and cocoa butter; and 50% of the fat
present in stick and tub margarines and
margarine spreads

Added sugars (tsp. eq.)

Caloric sweeteners such as syrups and sugars and
others defined as added sugars

Alcoholic beverages (no. of
drinks)

Alcoholic beverages and alcohol added to foods
after cooking

1More

information found here:
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutritionresearch-center/food-surveys-research-group/docs/fped-methodology/
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CHAPTER 2
PREDICTORS OF MISPERCEPTION OF DIET QUALITY AMONG U.S.
ADULTS: AN ANALYSIS OF THE NATIONAL HEALTH AND NUTRITION
EXAMINATION SURVEY (NHANES) 2007-2010

2.1 Abstract
Introduction: Prior research has shown that some individuals tend to misperceive the
healthfulness of their diet, rating it more or less healthy than it actually is when compared
to dietary guidelines. The aims of this study were to examine the rates of misperception
of diet quality among a sample of nationally representative U.S. adults, and explore
factors associated with overestimation and underestimation of diet quality in this
population. Methods: Data were derived from NHANES 2007-2010 cycles.
Misperception of diet quality was calculated by comparing self-rated diet quality with
categories of the Healthy Eating Index (HEI)-2010. Multivariate logistic regression
models were used to evaluate self-reported characteristics associated with overestimation
and underestimation of diet quality. Results: The final sample consisted of 7,894 adults
aged 18 years. Nearly half (45.9%) of the participants overestimated their diet quality,
while 12.1% underestimated it. Those who overestimate the quality of their diet were
more likely to be 40 years old, non-Hispanic White, have some college education or
higher, perceive their health as excellent/very good and their weight as about right, use
the Nutrition Facts panel and health claims more often, and have no intention of changing
their dietary behaviors. Conversely, those who underestimate the quality of their diet
were more likely to be non-Hispanic Black or Hispanic, past or current smoker, perceive
their health as fair/poor and their weight as under or overweight, be unaware of the Food
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Guide Pyramid/MyPyramid, and use Nutrition Facts panel less often. Conclusion: Our
findings suggest that when individuals evaluate the healthfulness of their diet, they use
their perceived health and weight, as well as their own nutrition beliefs and behaviors as
reference. Intervention strategies designed to raise awareness of what constitutes a poor
diet and associated potential adverse health outcomes associated may be indicated.

2.2 Introduction
Misperception of diet quality is a potentially modifiable factor that could help
explain dietary choices. Previous research has shown that some individuals tend to
misperceive the healthfulness of their diet, rating it more or less healthy than it actually is
when compared to dietary guidelines (Sørensen et al., 2017; Variyam et al., 2001).
Optimistic self-assessment of diet quality (overestimation of diet quality) has been
associated with lower intention to change dietary behaviors, as compared to those who
have a more realistic assessment of their diet (Jansink et al., 2012; Variyam et al., 2001).
This attitude has also been associated with excellent self-perceived health and normal
body weight (Sørensen et al., 2017; Variyam et al., 2001). Consequently, it has been
suggested that misperception of diet quality, in particular overestimation of diet quality,
may act as a barrier to adopting healthier dietary behaviors (Jansink et al., 2012; Variyam
et al., 2001).
Misperception of diet quality is prevalent across different populations, including
age, gender, and race/ethnicity (Sørensen et al., 2017; Variyam et al., 2001; Xue, Liu,
Cheskin, & Sheppard, 2020). Rates of misperception vary from 55-65%, with most U.S.
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participants overestimating the quality of their diets (40-56%) rather than underestimating
it (9%-20%) (Variyam et al., 2001; Xue et al., 2020).
According to the Precaution Adoption Process Model (PAPM), a stage theory
developed to describe the adoption of cautious behaviors, in order for people to be
motivated to initiate preventive behavior change, they first need to be aware that their
behavior is a potential risk to their health (Weinstein, Sandman, & Blalock, 2008). This
model has seven stages and describes how a person makes a new decision and translates
it into action (Weinstein et al., 2008). Based on this model, misperception of diet quality
can represent an obstacle to engaging in healthful dietary habits. In the initial stage
(unaware of issue), those who overestimate the healthfulness of their diet are not
necessarily aware that their dietary behavior is problematic and therefore they do not
intend to change it in the near future. In order for these individuals to move to the next
stages of behavior change, they need to be made aware of their unhealthy dietary
behaviors and the potential negative health consequences.
Few studies have explored the determinants of misperception in the U.S. One of
these studies used data from 1989–90; the other was conducted among cancer survivors
(Variyam et al., 2001; Xue et al., 2020). Many things have changed in the U.S. since the
first study was conducted, such as the introduction of nutrition labels, updates to the
Dietary Guidelines for Americans, and changes in the USDA’s food guidance system
(The Food Guide Pyramid/MyPyramid) have been made. In addition, access to nutrition
information (or misinformation) has significantly increased due to the evolution of the
internet, computers, and smartphones (Coughlin et al., 2015; Gkouskou, Markaki,
Vasilaki, Roidis, & Vlastos, 2011). Therefore, an update of the literature is needed to
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evaluate the current rate of misperception of diet quality among the general adult
population and to explore factors associated with it. To our knowledge, no study has
evaluated if the use of nutrition labels and awareness of the federal dietary guidance (The
Food Guide Pyramid/MyPyramid) are associated with lower rates of misperception of
diet quality. Therefore, the goals of this study were to: (1) examine the rates of
overestimation and underestimation of diet quality among a sample of nationally
representative U.S. adults, and (2) explore factors associated with overestimation and
underestimation of diet quality in this population, in particular sociodemographic, health,
and nutrition-related variables.

2.3. Methods
2.3.1 Study Design and Participants
Using a cross-sectional design, we explored the rates and determinants of
misperception of diet quality among adults in the U.S. using data from National Health
and Nutrition Examination Survey (NHANES) 2007-2010 cycles. We selected these
dates because some of the nutrition variables of interest (i.e., attitudes about changing
current diet, awareness of dietary guidance, and use of nutrition labels) were only
collected in these two cycles.
NHANES is a series of cross-sectional studies designed and conducted by the
National Center for Health Statistics (NCHS) at the Centers for Disease Control and
Prevention (CDC). It is a nationally representative survey that evaluates the health and
nutritional status of the noninstitutionalized civilian U.S. population (Chen et al., 2020).
Participant selection is carried out through a complex, multistage, probability sampling
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design (Chen et al., 2020). All procedures involving human subjects in NHANES were
approved by the NCHS Research Ethics Review Board (ERB) and documented consent
was obtained from participants (Centers for Disease Control and Prevention (CDC) &
National Center for Health Statistics (NCHS), n.d.). Additional information about the
NHANES study design process has been described in detail elsewhere (Chen et al., 2020;
Curtin et al., 2013; Johnson et al., 2014).
Our analyses included all adults aged 18 years and older with reliable 24-hour
recall data (two days) and data on perceived diet quality as well as data on health and
nutrition behaviors. The final sample size consisted of 7,894 participants.

2.3.2 Sociodemographic, Health, and Nutrition-Related Variables
Information about sociodemographic variables was collected either at home,
mobile examination centers (MEC) or telephone interview. Detailed information about
the data collection process is described elsewhere (Centers for Disease Control and
Prevention (CDC) & National Center for Health Statistics (NCHS), n.d.).
Sociodemographic variables included in our analyses were: age (18-39 years, 40-59
years, and 60 years or more), gender (male, female), race/ethnicity (non-Hispanic whites,
non-Hispanic Blacks, Hispanics, other non-Hispanic), education (high school or less,
some college, college graduate or above), and poverty income ratio (PIR) (<130% PIR,
130-350% PIR, >350% PIR). All these variables were considered categorical in our
analyses.
Information on health-related variables was collected via questionnaires at home
or at the MEC by trained examiners using the Computer-Assisted Personal Interview
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(CAPI) system. Anthropometric measures were assessed at the MEC interview as well.
Weight and height were measured by trained examiners following standardized protocols.
Detailed information about this data collection process is described elsewhere (Centers
for Disease Control and Prevention (CDC) & National Center for Health Statistics
(NCHS), n.d.). Variables included in our analyses were smoking status (non-smoker, past
smoker, current smoker), physical activity (<500 MET-min/week, 500 MET-min/week),
self-reported health status (excellent/very good, good, fair/poor), self-reported weight
(about right, underweight, overweight), and Body Mass Index (BMI). BMI was
calculated by dividing weight in kilograms by the square of height in meters. Individuals
were categorized as underweight if BMI was <18.5 kg/m2, normal weight if BMI was
between 18.5-24.9 kg/m2, overweight if BMI was between 25-29.9 kg/m2, and obese if
BMI was 30 kg/m2 (National Heart Lung and Blood Institute, NHLBI Obesity
Education Initiative, & North American Association for the Study of Obesity, 2000).
NHANES data about nutrition-related variables are part of the Flexible Consumer
Behavior Survey (FCBS) module and are collected in a follow up telephone interview by
trained examiners using the Computer-Assisted Telephone Interviewing (CATI) system.
Detailed information about the data collection process is described elsewhere (Centers for
Disease Control and Prevention (CDC) & National Center for Health Statistics (NCHS),
n.d.). Variables included in our analyses were: attitudes about changing current diet,
awareness of The Food Guide Pyramid or MyPyramid, and nutrition information use
(Nutrition Facts panel and health claims). All of these variables were classified as
categorical variables in our analyses.
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2.3.3 Dietary Intake
Dietary intake was assessed using two non-consecutive 24-hour dietary recalls.
Detailed information about the dietary interview process is described elsewhere (Centers
for Disease Control and Prevention (CDC) & National Center for Health Statistics
(NCHS), n.d.). In brief, the first 24-hour dietary recall was collected in an in-person
interview at the MEC, while the second one was collected in a telephone interview three
to ten days later (Centers for Disease Control and Prevention (CDC) & National Center
for Health Statistics (NCHS), n.d.). Both interviews were conducted by trained research
staff using the USDA's dietary data collection instrument called the Automated Multiple
Pass Method (AMPM) (Centers for Disease Control and Prevention (CDC) & National
Center for Health Statistics (NCHS), n.d.). Measuring guides (i.e. cups, spoons, a ruler,
and a food model booklet) were given to participants to use for reporting amounts of
foods.

2.3.4 Diet Quality (Healthy Eating Index-2010)
Diet quality was calculated using the Healthy Eating Index (HEI)-2010. For this,
dietary data collected from two nonconsecutive 24-hour dietary recalls were used to
calculate the components and total score of the HEI-2010. The HEI-2010 assesses intake
of 12 components, nine of which assess adequacy and three assess components that
should be consumed in moderation (Guenther et al., 2013). An overall score ranging from
0–100 was created by adding the score for each individual item (which ranges from 0-5
or 0-10) in the HEI-2010 (Guenther et al., 2013). Higher scores indicate greater
adherence to the Dietary Guidelines for Americans (DGA) 2010. To differentiate those
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with high, medium, and low diet quality (DQ), individuals were identified as having a
“High DQ” if their HEI-2010 score was 75; “Medium DQ” if their HEI-2010 score was
between 50-74; and “Low DQ” if their HEI-2010 score was <50. These categories were
adapted from a report from the U.S. Department of Agriculture about the first version
HEI (Kennedy, Bowman, Lino, Gerrior, & Basiotis, 1999). The HEI-2010 was
considered a continuous and a categorical variable in our analyses.

2.3.5 Perceived Diet Quality
Perceived or self-rated diet quality was measured by asking participants the
following question: “In general, how healthy is your overall diet? Would you say
excellent, very good, good, fair, or poor?” This variable was grouped into three response
options: “excellent/very good,” “good” and “fair/poor,” and was used as a categorical
variable in our analyses.

2.3.6 Misperception of Diet Quality
Misperception of diet quality was calculated by comparing perceived diet quality
with a validated measure of diet quality, in this case, the HEI-2010. Individuals were
categorized as Accurate Diet Quality (DQ) perception if their perceived and objective
diet quality matched; Underestimation of DQ if their perceived diet quality was lower
than their objective diet quality (underestimated the healthfulness of their diet); and
Overestimation of DQ if their perceived diet quality was higher than their objective diet
quality (overestimated the healthfulness of their diet).
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As shown in Table 1, Accurate DQ perception included those who rated their diet
as “excellent/very good” and had a “High DQ” (HEI-2010 score 75); those who rated
their diet as “good” and had a “Medium DQ” (HEI-2010 score between 50-74); and those
who rated their diet as “fair/poor” and had a “Low DQ” (HEI-2010 score <50).
Underestimation of DQ included those who rated their diet as “fair/poor” and had a
“High DQ” (HEI-2010 score 75), and were categorized as High Underestimation of DQ;
and those who rated their diet as “good” and had a “High DQ” (HEI-2010 score 75) or
those who rated their diet as “fair/poor” and had a “Medium DQ” (HEI-2010 score 5074), and were categorized as Some Underestimation of DQ. Overestimation of DQ
included those who rated their diet as “excellent/very good” and had a “Low DQ” (HEI2010 score <50), and were categorized as High Overestimation of DQ; and those who
rated their diet as “good” and had a “Low DQ” (HEI-2010 score <50) or those who rated
their diet as “excellent/very good” and had a “Medium DQ” (HEI-2010 score 50-74), and
were categorized as Some Overestimation of DQ.

2.3.7 Statistical Analysis
We conducted descriptive analyses to examine differences between
sociodemographic, health, and nutrition-related variables and perceived diet quality
(Table 2). Chi-square tests were used to calculate p-values for these categorical variables.
To examine trends, we conducted linear regressions using perceived diet quality and
HEI-2010 scores as a continuous outcome. Multivariable logistic regression models were
used to model the relationship between sociodemographic, health, and nutrition-related
variables and overestimation and underestimation of DQ, respectively, while adjusting
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for HEI-2010 total score (Tables 3 and 4). All sociodemographic, health, and nutritionrelated variables (age, gender, race/ethnicity, poverty income ratio, education, smoking,
physical activity, self-rated health status, BMI, self-rated weight status, no reason to
change diet, awareness of the Food Pyramid/MyPyramid, use of nutrition labels and
health claims) were included in the multivariate logistic regression models for
overestimation and underestimation of diet quality.
For the multivariable analyses, comparisons between the groups were as follows:
all participants with Overestimation of DQ (which included those with High and Some
Overestimation of DQ) were compared to those with an Accurate DQ perception among
those with “Low DQ” (HEI-2010 score <50) or “Medium DQ” (HEI-2010 score 50-74).
Similarly, participants with Underestimation of DQ (which included High and Some
Underestimation of DQ) were compared to those with an Accurate DQ perception among
those with “High DQ” (HEI-2010 score 75) and “Medium DQ” (HEI-2010 score 5074). We also conducted a sensitivity analysis by comparing only individuals who had the
same HEI-2010 category but different perceptions (result not shown). Those with High
Overestimation of DQ were compared to those with a “Low DQ” (HEI-2010 score <50)
and an Accurate DQ perception. Those with High Underestimation of DQ were compared
to those with a “High DQ” (HEI-2010 score 75) and an Accurate DQ perception.
For the unadjusted and adjusted models, results were reported as odds ratios
(ORs) with a 95% confidence interval (CI). For all the analyses, complex survey design
and sampling weights were taken into account. All statistical analyses were conducted
using SAS (version 9.4, SAS Institute Inc., Cary, NC, USA).
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2.4 Results
2.4.1 Characteristics of Study Participants
The final sample consisted of 7,894 adults aged 18 years. Slightly more than half
of the participants (53.1%) were female, 39.6% were between the ages of 18-39 years,
71.6% were non-Hispanic Whites, 44.6% had a poverty income ratio >350%, and 41.5%
were high school graduates or less. In terms of health-related variables, 54.3% were nonsmokers, 65.9% had physical activity levels of 500 MET-min/week, 46.4% perceived
their health as excellent/very good, 57.6% perceived their weight as overweight, and
69.0% were overweight or obese according to calculated BMI (Table 2). For nutrition
variables, 80.6% were aware of the Food Guide Pyramid/MyPyramid, 39.6% used
nutrition labels, and 26.7% used health claims always or most of the time, and 22.7% felt
that no dietary change was needed (Table 2).
For the perception of diet quality, 31.2% rated their diet as “excellent/very good,”
42.7% as “good,” and 26.0% as “fair/poor.” Mean HEI-2010 score for those who rated
their diet as “excellent/very good” was 58.6; for those who rated it as “good,” the score
was 51.9; for those who rated it as “fair/poor,” the score was 46.7 (p-trend <0.0001).
Participants who rated their diet as “excellent/very good” had significantly higher HEI2010 scores for total vegetables, greens and beans, total fruits, whole fruits, whole grains,
dairy, total protein foods, seafood and plant protein, fatty acids, refined grains, and empty
calories (p-trend <0.05) (Table 3). However, for sodium, the opposite trend was
observed. Those who rated their diet as “excellent/very good” had a significantly lower
score than those who rated it as “fair/poor” (p-trend = 0.0067).
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When categorizing the HEI-2010 total score, 7.3% had a “High DQ” (HEI-2010
total score 75), 49.0% had a “Medium DQ” (HEI-2010 total score 50-74), and 43.7%
had a “Low DQ” (HEI-2010 total score <50). Mean HEI-2010 score for those in the
“High DQ” category was 80.6; for those in the “Medium DQ” category was 60.0; and for
those in the “Low DQ” category was 39.7. When cross-tabulating the HEI-2010
categories by the perception of diet quality, we observed that among participants who had
a “High DQ,” 61.9% perceived their diet as excellent/very good, 29.2% as good, and
8.9% as fair/poor. Among those who had a “Medium DQ,” 37.1% perceived their diet as
excellent/very good, 43.7% as good, and 19.2% as fair/poor. Lastly, among participants
who had a “Low DQ,” 19.6% perceived their diet as excellent/very good, 43.8% as good,
and 36.6% as fair/poor.

2.4.2 Overestimation and Underestimation of Diet Quality
As shown in Table 1, 41.5% of participants had an accurate perception of their
diet quality, with 4.7% having a “High DQ”, 21.3% having a “Medium DQ”, and 15.5%
having a “Low DQ.” On the other hand, 46.2% of participants overestimated the quality
of their diets, with 8.8% having a High overestimation of DQ, while 37.4% had Some
Overestimation of DQ. In contrast, only 12.5% of participants underestimated the quality
of their diets, with 0.7% having a High Underestimation of DQ, while 11.8% had Some
Underestimation of DQ.
Mean HEI-2010 total score for those who had an Accurate DQ was 54.3. For
those who Overestimated their DQ, their HEI-2010 total score was 48.7, while for those
who Underestimated their DQ was 63.1. For the comparison groups, mean HEI-2010
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total score for those with a “Low DQ” and “Medium DQ” with an Accurate DQ
perception was 50.9, while for those with a “Low DQ” and “Medium DQ” who
Overestimated their DQ, mean HEI-2010 total score was 48.7 (p <.0001). For those with
a “High DQ” and “Medium DQ” and an Accurate DQ perception, mean HEI-2010 total
score was 63.6, while for those with a “High DQ” and “Medium DQ” who
Underestimated their DQ, mean HEI-2010 total score was 63.1 (p= 0.3425).

2.4.3 Factors Associated with Overestimation of Diet Quality
Overestimation of diet quality was associated with age, race/ethnicity, education,
perceived health status, perceived weight status, no perceived need for dietary change,
use of nutrition facts panel, and use of health claims (Table 4). In terms of the
sociodemographic variables, individuals 40-59 years old (OR= 1.22, 95%CI: 1.03, 1.46)
and 60 years old (OR= 1.72, 95%CI: 1.39, 2.14) were more likely to overestimate the
healthfulness of their diet, as compared to individuals 18-39 years old. Non-Hispanic
Blacks (OR= 0.83, 95%CI: 0.71, 0.98) and Hispanics (OR= 0.75, 95%CI: 0.61, 0.93)
were less likely to overestimate their diet quality, as compared to non-Hispanic Whites.
Individuals with some college education (OR= 1.15, 95%CI: 1.03, 1.29) or were college
graduates or above (OR= 1.52, 95% CI: 1.30, 1.78) were more likely to overestimate the
quality of their diets, as compared to high school graduates or less.
For health-related variables, those who rated their health status as good (OR=
0.50, 95% CI: 0.40, 0.62) or fair/poor (OR= 0.26, 95%CI: 0.19, 0.39) were less likely to
overestimate the healthfulness of their diet, as compared to those who rated their health
as excellent/very good. Similarly, those who perceived their weight status as overweight
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(OR= 0.66, 95%CI: 0.53, 0.82) were less likely to overestimate their diet quality, as
compared to those who perceived their weight as about right.
For nutrition variables, those who felt that there was no need for dietary change
(OR= 1.61, 95%CI: 1.32, 1.96) were more likely to overestimate the healthfulness of
their diet, as compared to those who felt there was a need to change. Those who used the
nutrition facts panel (OR= 0.67, 95%CI: 0.56, 0.81) and health claims (OR= 0.71,
95%CI: 0.60, 0.84) less often were less likely to overestimate the quality of their diet, as
compared to those who used them more often. Table 6 shows the predicted probabilities
for these variables for the adjusted model.
When conducting the sensitivity analysis only among those who had a high
overestimation of their diet quality, a statistically significant association was observed
with age, smoking, perceived health status, perceived weight status, use nutrition facts
panel, and use of health claims. In terms of the sociodemographic variables, individuals
40-59 years old (OR= 1.58, 95%CI: 1.03, 2.43) and 60 years old (OR= 4.87, 95%CI:
2.40, 9.90) were more likely to overestimate the healthfulness of their diet, as compared
to individuals 18-39 years old. For health-related variables, current smokers (OR= 0.64,
95%CI: 0.43, 0.96) were less likely to overestimate their diet quality than non-smokers.
Those who rated their health status as good (OR= 0.28, 95% CI: 0.20, 0.42) or fair/poor
(OR= 0.12, 95%CI: 0.06, 0.23) were less likely to overestimate the healthfulness of their
diet, as compared to those who rated their health as excellent/very good. Similarly, those
who perceived their weight status as overweight (OR= 0.41, 95%CI: 0.25, 0.69) were less
likely to overestimate their diet quality, as compared to those who perceived their weight
as about right. For nutrition variables, those who use the nutrition facts panel (OR= 0.53,
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95%CI: 0.35, 0.83) and health claims (OR= 0.52, 95%CI: 0.35, 0.79) less often were less
likely to overestimate the quality of their diet, as compared to those who used them more
often.

2.4.4 Factors Associated with Underestimation of Diet Quality
Underestimation of diet quality was associated with race/ethnicity, smoking,
perceived health status, perceived weight status, awareness of the Food Guide Pyramid or
MyPyramid, and use of nutrition facts panel (Table 6). In terms of sociodemographic
variables, Hispanics (OR= 1.60, 95%CI: 1.14, 2.25) and non-Hispanic Blacks (OR= 1.48,
95%CI: 1.07, 2.03) were more likely to underestimate the healthfulness of their diets, as
compared to non-Hispanic Whites. For health-related variables, those who perceived their
health status as good (OR= 1.68, 95% CI: 1.23, 2.30) or fair/poor (OR= 3.14, 95%CI:
2.28, 4.33) were more likely to underestimate the quality of their diets, as compared to
those who perceived their health status as excellent/very good. Likewise, those who
perceived their weight as underweight (OR= 3.26, 95%CI: 1.96, 5.40) or overweight
(OR= 1.91, 95%CI: 1.37, 2.66) were more likely to underestimate the quality of their
diet, as compared to those who perceived their weight was about right. Past smokers
(OR= 1.24, 95%CI: 1.02, 1.50) and current smokers (OR= 1.58, 95%CI: 1.13, 2.22) were
more likely to underestimate their diet quality, as compared to nonsmokers. For nutrition
variables, those who were unaware of the Food Guide Pyramid/MyPyramid (OR= 1.60,
95%CI: 1.18, 2.17) were more likely to underestimate the healthfulness of their diets, as
compared to those who were aware of it. Similarly, those who use the nutrition facts
panel less often (OR= 1.38, 95%CI: 1.02, 1.85) were more likely to underestimate their
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diet quality, as compared to those who use it more often. Table 7 shows the predicted
probabilities for these variables for the adjusted model.
When conducting the sensitivity analysis only among those who were highly
underestimating the healthfulness of their diet, an association was observed with
race/ethnicity, income, perceived health status, and self-reported weight. In terms of
sociodemographic variables, Hispanics (OR= 8.08, 95%CI: 2.82, 23.17) were more likely
to underestimate the healthfulness of their diets, as compared to non-Hispanic Whites.
Those with a poverty income ratio <130% (OR= 2.94, 95% CI: 1.02, 8.46) were more
likely to underestimate their diet quality, as compared to those with a poverty income
ratio of >350%. For health-related variables, those who perceived their health status as
good (OR= 5.38, 95% CI: 1.73, 16.73) or fair/poor (OR= 7.40, 95%CI: 1.49, 36.84) were
more likely to underestimate the quality of their diets, as compared to those who
perceived their health status as excellent/very good. Those who perceived their weight
status as overweight (OR= 4.82, 95%CI: 1.16, 20.13) and underweight (OR= 13.49,
95%CI: 2.05, 88.65) were more likely to underestimate their diet quality, as compared to
those who perceived their weight was about right.

2.5 Discussion
In this study we examined the association between sociodemographic, health, and
nutrition-related variables and misperception of diet quality among U.S adults. Our study
found that overestimation as well as underestimation of diet quality are still prevalent
among U.S. adults. We found that overestimation of diet quality was associated with
increasing age, non-Hispanic Whites, higher education, and more positive health and
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nutrition-related variables, including better self-perceived health, perceiving weight as
about right, using the Nutrition Facts panels and health claims more often, and believing
that no dietary change was needed. On the other hand, underestimation of diet quality
was associated with Hispanic and non-Hispanic Blacks, and more negative health and
nutrition-related variables, including being a past or current smoker, perceiving their
health more poorly, perceiving their weight as under or overweight, being unaware of the
Food Guide Pyramid or MyPyramid, and using the Nutrition Facts panel less often.
In terms of the prevalence of misperception of diet quality, our findings are
consistent with two U.S-based cross-sectional studies. Variyam and colleagues (2001)
conducted a study among 2,862 adults who self-identified as meal planners/preparers and
found a 60% rate of misperception of diet quality in their sample, with 40% of the
participants overestimating it and 20% underestimating it. Those overestimating their diet
quality had a lower HEI score (60.6), than those who underestimated it (68.2) and those
who had an accurate assessment (66.2) (Variyam et al., 2001). Xue and colleagues (2020)
conducted a study among a sample of 2,361 U.S. adult cancer survivors and found a
misperception rate of 65%, with a higher prevalence of overestimation of diet quality
(56%), and a lower prevalence of underestimation of diet quality (9%). Cancer survivors
who overestimated the healthfulness of their diet had a lower HEI total score (5.39 points
lower), while those who underestimated it had a higher total score (7.12 points higher)
(Xue et al., 2020). In our study, 58.7% of participants misperceived their diet quality. The
overall prevalence of overestimation of diet quality was 46.2%, and for underestimation
of diet quality was 12.5%. The remaining 41.5% of the participants had an accurate
perception of their diet. In in line with the previous studies, we found that those
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overestimating the healthfulness of their diet had a lower HEI-2010 total score (48.7)
than those who underestimated it (63.1) and those who had an accurate assessment (54.3).
Similarly, Sørensen and colleagues (2017) conducted a study among a sample 3,014 of
Danish adults and found that 29% of participants overestimated the healthfulness of their
diet, while 26% of participants underestimated it. Other studies have examined
misperception of particular components of diet quality, such as fat, fish, fruit, and
vegetable intake across different populations and found rates of misperception ranging
from 2.3% to 69.2% (Brug, Van Assema, Kok, Lenderink, & Glanz, 1994; Dijkstra,
Neter, Brouwer, Huisman, & Visser, 2014; Glanz, Brug, & Van Assema, 1997; Jansink et
al., 2012; Lechner, Brug, & De Vries, 1997; O’Brien, Fries, & Bowen, 2000). The large
variation in the ranges could be due to differences in study population and in the
assessment of misperception of diet quality, particularly the way dietary intake was
collected (24-hour dietary recalls, food frequency questionnaires, food dairies, single
items), and how perceived and actual diet quality were calculated (different dietary
indices and as well as different categorization).
Our findings also showed that when individuals evaluate the healthfulness of their
diet, they use their own health characteristics, beliefs, and behaviors as reference. This
interpretation is supported by Sørensen et. al. (2017), who found that self-rated health,
weight status, and physical activity levels were associated with misperception of diet
quality among a sample of Danish adults. These researchers also conducted an in-depth
qualitative study to explore the thoughts and beliefs of adults with poor diets who were
overestimating the quality of their diets (Sørensen & Holm, 2016). They found that
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participants believed their diet was healthy enough as long as they felt good (in terms of
their health status), and were not overweight (Sørensen & Holm, 2016).
Further, Variyam et al. (2001) found that excellent self-rated health was
associated with overestimation of diet quality. However, they did not find an association
between self-reported weight status and overestimation of diet quality in the adjusted
model (Variyam et al., 2001). A possible explanation could be due to changes in BMI
over the nearly 20-year period difference between their study and ours. In their study, a
total 47.5% of participants perceived their weight as overweight; in our study, the
percentage increased to 56.0%. These researchers also found that smoking was associated
with overestimation of diet quality (Variyam et al., 2001). We did not see this association
among those who overestimated their diet quality, but we did for those who
underestimated it. We found that past and current smokers were more likely to
underestimate the healthfulness of their diet. In general, smoking is perceived as
unhealthy behavior, and those who smoke tend to rate their health poorer than
nonsmokers (Li et al., 2019; Mauro, Canham, Martins, & Spira, 2015; Tsai et al., 2010).
It is possible that the combined effects of engaging in an unhealthy behavior, such as
smoking, and rating their health as poorer could have led to underestimation of diet
quality among these participants.
Furthermore, overestimation of diet quality appears to be associated with lower
intention to change dietary behaviors. In the previously mentioned study about meal
planners/preparers, Variyam et al. (2001) found that those who overestimated the
healthfulness of their diet were more likely to agree that no dietary change was needed,
which is consistent with our results. Other studies have also found that overestimation of
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fruit and vegetable intake was associated with lower intention, self-efficacy, and attitude
toward eating more fruits and vegetables, and overestimation of fat intake was associated
with lower intention to reduce dietary fat intake (Brug et al., 1994; Dijkstra et al., 2014;
Glanz et al., 1997; Jansink et al., 2012; Lechner et al., 1997). These findings suggest that
those who perceived their diet as adequate may have no intention of changing their
dietary behaviors, even though their actual diet is not as healthy as it could be. As it has
been previously suggested, these individuals may not be receptive to nutrition-related
messages because they do not think it applies to them (Jansink et al., 2012; Variyam et
al., 2001). As noted earlier, according to the Precaution Adoption Process Model, for
individuals to be motivated to initiate preventive behavior change, they first need to be
aware that their behavior is a potential risk to their health (Weinstein et al., 2008).
Participants might be underestimating the health risks associated with poor diets because
of their perceived health and weight status. As long as they feel healthy and are not
overweight, they may feel that there is no reason for them to change their current
behaviors. Targeted nutrition education campaigns may be necessary to increase
awareness of the negative health effects of poor diets, regardless of weight. Future studies
should examine the relationship between misperception of diet quality and knowledge of
diet-disease link.
In addition, the use of nutrition information was associated with misperception of
diet quality in our study. We found that those who overestimated their diet quality were
more likely to use the Nutrition Facts panels as well as health claims when buying a
product, while those who were underestimating it were less likely to use the Nutrition
Facts panel. These findings suggest that the use of nutrition information when buying
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products can mislead people to believe that their diet is better than what it actually is.
Front of the package labels and health claims have been found to affect perceived
healthiness of a product (Iles, Nan, & Verrill, 2018; Plasek, Lakner, & Temesi, 2020).
For instance, a study among 5,076 participants found that nutrition content claims
increased the perceived healthfulness of a product and decreased the perceived presence
of unhealthful nutrients (Iles et al., 2018). A systematic review found that the presence of
health and/or nutrition claims on a product increase consumers’ consumption and/or
purchasing of it (Kaur, Scarborough, & Rayner, 2017). In addition, an empirical study
among 300 Italian participants in charge of grocery shopping found that health
orientation, defined as the “individual motivation to engage in healthy attitudes, beliefs,
and behaviors,” was associated with use of nutrition labels and health claims (Cavaliere,
De Marchi, & Banterle, 2016). Consumer with higher health-orientation were more likely
to use the Nutrition Facts panel, while those with lower health-orientation were more
likely to use health claims (Cavaliere et al., 2016). In our study, the effect of using the
Nutrition Facts panel and health claims and feeling healthier could have led to
overestimation of diet quality among participants, while not using them and feeling less
healthy may have led to underestimation of diet quality.
Furthermore, in our study, those who underestimated their diet quality were more
likely to be unaware of the Food Guide Pyramid or MyPyramid. This suggests that they
may have poor nutrition knowledge, which could explain why they were less likely to use
the Nutrition Facts panel when buying a product and it could also explain why they
underestimated the quality of their diet in general. They may not be aware of what
constitutes a healthy or unhealthy diet, based on the Dietary Guidelines for Americans.
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Also, in our sample, those who underestimated the healthfulness of their diet were more
likely to be Hispanic. Research has shown that acculturation impacts nutrition labels use,
as well as diet quality (Ayala, Baquero, & Klinger, 2008; Ollberding, Wolf, & Contento,
2011; Wilson, Ramírez, Arsenault, & Miller, 2018). For instance, a systematic review
found that, regardless of the methods used for assessing acculturation, those who are less
acculturated were more likely to eat more fruit, beans, and rice and less sugar, as
compared to those who are more acculturated (Ayala et al., 2008). A cross-sectional
study among 3,696 adults who self-identified as Hispanic/Latino found that,
irrespectively of poverty status, nutrition label use decreased the risk of poor diet quality,
and acculturation moderated the relationship between income and use of nutrition labels
(Wilson et al., 2018).
For sociodemographic characteristics, findings have been inconsistent. We found
that older individuals were more likely to overestimate the healthfulness of their diet,
while younger individuals were more likely to underestimate it, although the association
was not statistically significant. We also found that Non-Hispanic Whites were more
likely to overestimate the quality of their diet, and non-Hispanic Blacks and Hispanics
were more likely to underestimate it. In the study about U.S. meal planners/preparers,
Variyam and colleagues (2001) found no association with age or race/ethnicity, while in
the Danish study, Sørensen and colleagues (2017) found a similar trend for age. In the
study of cancer survivors, Xue and colleagues (2020) also found a similar association
with age but only for those who overestimated their diet quality. They also found that
Hispanics were more likely to overestimate the quality of their diet, as compared to NonHispanic Whites. We found an association between higher education and overestimation
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of diet quality, which is consistent with Xue et al. (2020) findings. On the other hand,
Variyam et al. (2001) found an inverse association with education, although not strong,
and Sørensen et al. (2017) found no association. We found no association between gender
and income, which is consistent with Sørensen et al. (2017) findings. The discrepancy in
the results could be due to differences in the study populations (i.e., meal
planners/preparers, cancer survivors, different nationalities) and use of different
assessment tools, research methods, and study designs.
Our study has several notable strengths. We used a national-level dataset to
examine the concept of misperception of diet quality among U.S. adults. To our
knowledge, this is the first study to explore the association between awareness of the
federal dietary guidance (Food Pyramid/MyPyramid), use of the Nutrition Facts panel
and health claims, and overestimation and underestimation of diet quality. We also
identified important factors associated with misperception of diet quality that have the
potential to advance current nutrition interventions by targeting groups most at risk. Our
study had several limitations. First, we calculated HEI-2010 total score using the average
intake of two non-consecutive 24-hour dietary recall. This does not necessarily represent
usual intake and therefore participants’ actual diet quality may have been underestimated,
which can result in biased estimates. Second, we categorized the HEI-2010 total score
based on criteria established in the first iteration of the HEI, which has changed
significantly over time. We therefore adapted the scoring system and lower the score for
“High DQ” from 80, as originally designed, to 75 because of the way we calculated
the HEI-2010 total score using two 24-hour dietary recalls. Even though we adapted it,
the scoring might still not accurately represent what a poor or good diet is. Third, missing
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values for the exposure variables led to a smaller sample size. Although no differences
were observed in the distribution of the variables for the models with and without missing
data in the bivariate analysis, and we adjusted for complex survey design, excluding
those participants with incomplete data could potentially limit the external validity of our
results. Finally, we used data from 2007-2010 to examine misperception of diet quality.
Because of more recent changes in the dietary guidance program (MyPlate) and nutrition
labels, the relationships that we observed may have changed over time.

2.6 Conclusion
Our study found that misperception of diet quality is still prevalent among adults
in the U.S. Those who overestimate the quality of their diet are more likely to be older,
non-Hispanic White, have higher education, perceive their health as excellent/very good
and their weight as about right, have no intention of changing their dietary behaviors, but
use nutrition labels and health claims more often. Conversely, those who underestimate
the quality of their diet are more likely to be non-Hispanic Black or Hispanic, past or
current smokers, perceive their health more poorly and their weight as under or
overweight, are unaware of the dietary guidance programs, and use nutrition facts panel
less often. These findings suggest that when people evaluate the healthfulness of their
diet, they use their perceived health and weight, as well as their own beliefs and
behaviors as reference. Future studies should examine the relationship between perceived
diet quality and diet-disease knowledge, as intervention strategies may need to be
designed to raise awareness of what constitutes a poor diet and potential adverse health
outcomes associated to these.
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Table 2.1. Categories of misperceptions of diet quality, sample size (unweighted), and
percentage of participants (weighted %) in each category; NHANES 2007-2010, (n=
7,894).

HEI-2010
score

Perceived diet quality
Excellent/Very good

Good

Fair/Poor

High DQ1
(75)

Accurate
(307, 4.5%)

Some
underestimation
(185, 2.1%)

High
underestimation
(65, 0.6%)

Medium DQ1
(50 – 74)

Some overestimation
(1,344, 18.1%)

Accurate
(1,660, 21.4%)

Some
underestimation
(902, 9.4%)

Low DQ1
(<50)

High overestimation
(700, 8.6%)

Some overestimation
(1,419, 19.2%)

Accurate
(1,313, 16.0%)

1DQ=

diet quality
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Table 2.2. Characteristics of the study population according to perception of diet quality;
unweighted frequency, (weighted %); NHANES 2007-2010 (n= 7,894).

Characteristics

Total
sample
n (%)

Perception of Diet Quality
Excellent/
Good
Very good
n (%)
n (%)

Fair/Poor
n (%)

Pvalue

Sociodemographic
Age
18-39 years
40-59 years
60 years

2818 (39.6)
2585 (38.5)
2491 (21.9)

658 (26.1)
674 (29.4)
1019 (43.8)

1174 (41.6)
1094 (45.2)
996 (40.5)

986 (32.3)
817 (25.5)
476 (15.7)

<.0001

Gender
Male
Female

3751 (46.9)
4143 (53.1)

1144 (30.6)
1207 (31.8)

1540 (43.1)
1724 (42.3)

1067 (26.3)
1212 (25.8)

0.7129

Race/Ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other

4020 (71.6)
1495 (10.8)
2082 (12.7)
297 (5.0)

1430 (34.3)
375 (22.6)
441 (20.2)
105 (34.1)

1647 (42.9)
619 (41.6)
870 (41.8)
128 (45.1)

943 (22.8)
501 (35.8)
771 (38.0)
64 (20.8)

<.0001

Poverty income ratio (PIR)
< 130% PIR
130-350% PIR
> 350% PIR

2422 (20.9)
2987 (34.6)
2485 (44.6)

552 (23.0)
844 (28.4)
955 (37.3)

976 (41.1)
1270 (43.9)
1018 (42.5)

894 (35.9)
873 (27.6)
512 (20.2)

<.0001

Education
High school/GED or less
Some college
College graduate or above

3959 (41.5)
2286 (30.8)
1649 (27.7)

924 (23.9)
670 (29.0)
757 (44.8)

1618 (42.4)
1012 (44.8)
634 (40.9)

1417 (33.7)
604 (26.2)
258 (14.4)

<.0001

Health-related variables
Smoking status
Non-smoker
Past smoker
Current smoker

4186 (54.3)
1985 (24.5)
1723 (21.2)

1286 (32.8)
715 (37.4)
350 (20.1)

1792 (44.3)
774 (40.9)
698 (40.7)

1108 (22.8)
496 (21.7)
675 (39.3)

<.0001

Physical activity
<500 MET-min/week
500 MET-min/week

3029 (34.1)
4865 (65.9)

768 (25.5)
1583 (34.2)

1272 (43.7)
1992 (42.2)

989 (30.8)
1290 (23.6)

<.0001

Self-rated health status
Excellent/Very good
Good
Fair/Poor

3004 (46.4)
3144 (37.9)
1746 (15.7)

1398 (44.9)
696 (21.5)
257 (14.5)

1166 (41.3)
1554 (48.4)
544 (33.1)

440 (13.8)
894 (30.1)
945 (52.4)

<.0001

BMI
Underweight
Normal weight
Overweight
Obese

129 (1.5)
2113 (29.4)
2645 (32.9)
3007 (36.1)

36 (37.2)
784 (39.6)
879 (33.4)
652 (22.2)

47 (29.0)
851 (40.1)
1092 (43.5)
1274 (44.7)

46 (33.7)
478 (20.3)
674 (23.1)
1081 (33.1)

<.0001
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Self-rated weight status
Overweight
Underweight
About right

4451 (57.6)
371 (4.2)
3072 (38.3)

1108 (25.9)
87 (24.7)
1156 (40.0)

1832 (43.3)
134 (34.7)
1298 (42.8)

1511 (30.8)
150 (40.6)
618 (17.3)

2221 (22.7)

740 (39.1)

882 (37.9)

599 (23.0)

5673 (77.3)

1611 (28.9)

2382 (44.1)

1680 (26.9)

Awareness of
MyPyramid/Food Pyramid
Yes
No

5794 (80.6)
2100 (19.4)

1776 (32.1)
575 (27.9)

2438 (43.3)
826 (40.5)

1580 (24.7)
699 (31.6)

0.0001

Use nutrition facts panel on
food label
Always/Most of the time
Sometimes/Rarely/Never

3193 (39.6)
4701 (60.4)

1241 (42.2)
1110 (24.1)

1314 (41.7)
1950 (43.4)

638 (16.2)
1641 (32.5)

<.0001

Use health claims on food
packages
Always/Most of the time
Sometimes/Rarely/Never

2530 (26.7)
5364 (73.3)

891 (39.7)
1460 (28.2)

1041 (41.3)
2223 (43.2)

598 (19.0)
1681 (28.6)

<.0001

Nutrition-related variables
No reason for me to change
my diet
Strongly/Somewhat agree
Neither agree nor disagree/
Disagree
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<.0001

<.0001

Table 2.3. Population means and confidence limits of Healthy Eating Index (HEI)-2010
components and total score across categories of perceived diet quality (PDQ) adjusting
for complex survey design; NHANES 2007-2010 (n = 7,894).
HEI 2010
components
Adequacy
Total vegetables
Greens and beans
Total fruits
Whole fruits
Whole grains
Dairy
Total protein
foods
Seafood and plant
protein
Fatty acids
Moderation
Sodium
Refined grains
Empty calories
Total score

Total
sample
(n=7894)

Perceived diet quality
Excellent/
Good
Very good
(n=3264)
(n= 2351)

Fair/Poor
(n=2279)

Ptrend

3.3 (3.2, 3.3)
1.7 (1.6, 1.8)
2.4 (2.3, 2.5)
2.5 (2.4, 2.6)
2.6 (2.5, 2.7)
5.6 (5.4, 5.7)

3.6 (3.5, 3.8)
2.1 (2.0, 2.3)
3.0 (2.9, 3.1)
3.1 (3.0, 3.2)
3.3 (3.0, 3.5)
5.8 (5.6, 6.1)

3.2 (3.2, 3.3)
1.6 (1.4, 1.7)
2.4 (2.3, 2.5)
2.5 (2.4, 2.6)
2.6 (2.4, 2.7)
5.7 (5.5, 5.9)

2.9 (2.8, 3.0)
1.3 (1.1, 1.4)
1.8 (1.7, 1.9)
1.8 (1.7, 1.9)
1.8 (1.7, 2.0)
5.1 (4.8, 5.4)

<.0001
<.0001
<.0001
<.0001
<.0001
<.0001

4.5 (4.4, 4.5)

4.6 (4.5, 4.6)

4.5 (4.4, 4.6)

4.4 (4.3, 4.5)

0.0007

2.5 (2.4, 2.6)

3.0 (2.9, 3.1)

2.4 (2.3, 2.5)

2.1 (1.9, 2.2)

<.0001

4.9 (4.7, 5.0)

5.2 (4.9, 5.5)

4.6 (4.5 4.8)

4.8 (4.6, 5.0)

0.0249

4.0 (3.9, 4.1)
6.2 (6.0, 6.4)
12.5 (12.2,
12.8)
52.6 (51.8,
53.5)

3.9 (3.7, 4.2)
6.7 (6.5, 7.0)
14.2 (13.8,
14.6)
58.6 (57.5,
59.8)

3.9 (3.8, 4.1)
6.1 (5.9, 6.3)
12.4 (12.1,
12.7)
51.9 (51.0,
52.8)

4.4 (4.2, 4.5)
5.8 (5.5, 6.1)
10.6 (10.2,
11.0)
46.7 (45.8,
47.7)

0.0067
<.0001
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<.0001
<.0001

Table 2.4. Unadjusted and adjusted odds ratios (OR) and 95% confidence intervals (CI)
for predictors of overall overestimation of diet quality; NHANES 2007-2010 (n = 6,435).

Predictors

Overestimation of diet quality
Unadjusted
Adjusted1
OR (95% CI)
OR (95% CI)

Sociodemographic
Age
18-39 years
40-59 years
60 years

Ref
1.07 (0.90, 1.27)
1.51 (1.26, 1.80)

Ref
1.22 (1.03, 1.46)
1.72 (1.39, 2.14)

Gender
Male
Female

Ref
0.93 (0.83, 1.05)

Ref
1.08 (0.95, 1.24)

Race/Ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other

Ref
0.74 (0.62, 0.88)
0.61 (0.51, 0.72)
0.85 (0.56, 1.29)

Ref
0.83 (0.71, 0.98)
0.75 (0.61, 0.93)
0.90 (0.56, 1.45)

Poverty income ratio
< 130% poverty threshold
130-350% poverty threshold
> 350% poverty threshold

0.75 (0.61, 0.92)
0.86 (0.71, 1.05)
Ref

0.97 (0.76, 1.25)
0.98 (0.80, 1.20)
Ref

Education
High school/GED or less
Some college
College graduate or above

Ref
1.12 (0.99, 1.27)
1.48 (1.29, 1.70)

Ref
1.15 (1.03, 1.29)
1.52 (1.30, 1.78)

Health-related variables
Smoking status
Never smoker
Past smoker
Current smoker

Ref
1.20 (1.00, 1.45)
0.90 (0.75, 1.07)

Ref
1.17 (0.95, 1.43)
0.91 (0.74, 1.12)

Physical activity
<500 MET-min/week
500 MET-min/week

0.80 (0.66, 0.98)
Ref

0.85 (0.70, 1.04)
Ref

Self-rated health status
Excellent/Very good
Good

Ref
0.50 (0.41, 0.60)

Ref
0.50 (0.40, 0.62)

72

Fair/Poor

0.29 (0.24, 0.37)

0.26 (0.19, 0.39)

Self-rated weight status
Overweight
Underweight
About right

0.59 (0.50, 0.70)
0.67 (0.47, 0.95)
Ref

0.66 (0.53, 0.82)
0.83 (0.55, 1.23)
Ref

BMI
Underweight
Normal weight
Overweight
Obese

0.97 (0.50, 1.87)
Ref
0.93 (0.74, 1.18)
0.60 (0.48, 0.76)

1.20 (0.58, 2.46)
Ref
1.13 (0.89, 1.43)
0.93 (0.71, 1.22)

Nutrition-related variables
No reason for me to change my diet
Strongly/Somewhat agree
Neither agree nor disagree/Disagree

1.53 (1.29, 1.83)
Ref

1.61 (1.32, 1.96)
Ref

Awareness of MyPyramid/Food
Pyramid
Yes
No

Ref
1.07 (0.91, 1.26)

Ref
1.15 (0.93, 1.42)

Use nutrition facts panel on food
label
Always/Most of the time
Sometimes/Rarely/Never

Ref
0.68 (0.59, 0.79)

Ref
0.67 (0.56, 0.81)

Use health claims on food packages
Always/Most of the time
Sometimes/Rarely/Never

Ref
0.74 (0.65, 0.85)

Ref
0.71 (0.60, 0.84)

1All

the variables in the table were included in the adjusted model. The model was also
adjusted for HEI-2010.
Note: Statistically significant results are in bold.
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Table 2.5. Adjusted predicted probabilities and 95% confidence intervals (CI) for
predictors of overall overestimation of diet quality; NHANES 2007-2010, (n = 6,435).
Overestimation of diet quality
Adjusted1
OR (95% CI)

Predictors
Sociodemographic
Age
18-39 years
40-59 years
60 years

50.8 (48.2, 53.5)
55.3 (52.3, 58.4)
62.5 (59.1, 65.8)

Gender
Male
Female

54.1 (51.8, 56.4)
55.8 (53.5, 58.2)

Race/Ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other

56.3 (54.5, 58.1)
52.0 (48.8, 55.2)
50.2 (45.5, 54.9)
54.0 (43.2, 64.8)

Poverty income ratio
< 130% poverty threshold
130-350% poverty threshold
> 350% poverty threshold

54.6 (51.1, 58.1)
54.9 (52.0, 57.8)
55.2 (52.1, 58.5)

Education
High school/GED or less
Some college
College graduate or above

51.5 (49.0, 53.9)
54.6 (52.4, 57.0)
60.6 (57.9, 63.3)

Health-related variables
Smoking status
Nonsmoker
Past smoker
Current smoker

54.7 (52.8, 56.6)
58.0 (54.0, 62.0)
52.5 (48.0, 57.0)

Physical activity
<500 MET-min/week
500 MET-min/week

52.7 (49.4, 56.0)
56.2 (53.8, 58.5)

Self-rated health status
Excellent/Very good
Good

65.2 (62.2, 68.2)
49.5 (46.3, 52.7)
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Fair/Poor

35.4 (30.0, 40.9)

Self-rated weight status
Overweight
Underweight
About right

51.2 (48.2, 54.1)
56.3 (46.2, 66.3)
60.3 (57.3, 63.3)

BMI
Underweight
Normal weight
Overweight
Obese

58.5 (44.4, 72.7)
54.6 (50.3, 58.9)
57.3 (53.8, 60.7)
53.1 (49.7, 56.4)

Nutrition-related variables
No reason for me to change my diet
Strongly/Somewhat agree
Neither agree nor disagree/Disagree

63.0 (59.3, 66.7)
52.7 (50.7, 54.7)

Awareness of MyPyramid/Food Pyramid
Yes
No

54.5 (52.5, 56.5)
57.2 (53.0, 61.4)

Use nutrition facts panel on food label
Always/Most of the time
Sometimes/Rarely/Never

60.3 (57.6, 63.1)
51.7 (49.1, 54.4)

Use health claims on food packages
Always/Most of the time
Sometimes/Rarely/Never

60.5 (57.5, 63.6)
53.1 (51.0, 55.2)

1

All the variables in the table were included in the adjusted model. The model was also
adjusted for HEI-2010.
Note: Statistically significant results are in bold.
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Table 2.6. Unadjusted and adjusted odds ratios (OR) and 95% confidence intervals (CI)
for predictors of overall underestimation of diet quality; NHANES 2007-2010 (n =
3,119).

Predictors

Underestimation of diet quality
Unadjusted
Adjusted1
OR (95% CI)
OR (95% CI)

Sociodemographic
Age
18-39 years
40-59 years
60 years

Ref
0.93 (0.71, 1.20)
0.82 (0.62, 1.09)

Ref
0.85 (0.61, 1.18)
0.67 (0.44, 1.01)

Gender
Male
Female

Ref
1.07 (0.84, 1.35)

Ref
1.11 (0.85, 1.45)

Race/Ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other

Ref
1.96 (1.46, 2.63)
2.14 (1.57, 2.93)
0.98 (0.57, 1.70)

Ref
1.48 (1.07, 2.03)
1.60 (1.14, 2.25)
1.11 (0.59, 2.12)

Poverty Income Ratio (PIR)
< 130% PIR
130-350% PIR
> 350% PIR

1.97 (1.38, 2.81)
1.40 (1.06, 1.89)
Ref

1.10 (0.76, 1.60)
1.12 (0.84, 1.50)
Ref

Education
High school/GED or less
Some college
College graduate or above

Ref
0.80 (0.59, 1.08)
0.47 (0.33, 0.68)

Ref
0.99 (0.74, 1.33)
0.75 (0.50, 1.12)

Health-related variables
Smoking status
Never smoker
Past smoker
Current smoker

Ref
1.14 (0.95, 1.37)
1.82 (1.32, 2.50)

Ref
1.24 (1.02, 1.50)
1.58 (1.13, 2.22)

Physical activity
<500 MET-min/week
500 MET-min/week

1.31 (1.03, 1.66)
Ref

1.05 (0.80, 1.39)
Ref

Self-rated health status
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Excellent/Very good
Good
Fair/Poor

Ref
1.98 (1.50, 2.61)
4.45 (3.38, 5.86)

Ref
1.68 (1.23, 2.30)
3.14 (2.28, 4.33)

Self-rated weight status
Overweight
Underweight
About right

2.03 (1.58, 2.62)
4.20 (2.51, 7.02)
Ref

1.91 (1.37, 2.66)
3.26 (1.96, 5.40)
Ref

BMI
Underweight
Normal
Overweight
Obese

2.11 (0.55, 8.11)
Ref
1.48 (1.18, 1.86)
1.83 (1.42, 2.36)

0.86 (0.20, 3.71)
Ref
1.08 (0.76, 1.54)
1.00 (0.68, 1.47)

Nutrition-related variables
No reason for me to change my
diet
Strongly/Somewhat agree
Neither agree nor disagree/Disagree

1.10 (0.84, 1.44)
Ref

0.85 (0.64, 1.13)
Ref

Awareness of MyPyramid/Food
Pyramid
Yes
No

Ref
1.95 (1.45, 2.62)

Ref
1.60 (1.18, 2.17)

Use nutrition facts panel on food
label
Always/Most of the time
Sometimes/Rarely/Never

Ref
1.45 (1.13, 1.86)

Ref
1.38 (1.02, 1.85)

Use health claims on food
packages
Always/Most of the time
Sometimes/Rarely/Never

Ref
1.01 (0.81, 1.25)

Ref
1.21 (0.95, 1.54)

1

All the variables in the table were included in the adjusted model. The model was also
adjusted for HEI-2010.
Note: Statistically significant results are in bold.
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Table 2.7. Adjusted predicted probabilities and 95% confidence intervals (CI) for
predictors of overall underestimation of diet quality; NHANES 2007-2010, (n = 3,119).

Underestimation of diet
quality
Adjusted1
Predicted Probabilities (95%
CI)

Predictors

Sociodemographic
Age
18-39 years
40-59 years
60 years

35. 3 (30.3, 40.5)
32.0 (28.8, 35.2)
27.6 (23.1, 32.1)

Gender
Male
Female

30.8 (27.4, 34.2)
32.8 (29.7, 36.0)

Race/Ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other

29.5 (26.4, 32.6)
37.1 (32.5, 41.8)
39.1 (33.5, 44.6)
31.5 (19.1, 43.9)

Poverty Income Ratio (PIR)
< 130% PIR
130-350% PIR
> 350% PIR

32.7 (28.0, 37.8)
32.9 (29.6, 36.3)
30.8 (26.7, 35.0)

Education
High school/GED or less
Some college
College graduate or above

33.6 (29.3, 37.8)
33.4 (29.5, 37.3)
28.0 (23.2, 32.9)

Health-related variables
Smoking status
Never smoker
Past smoker
Current smoker

29.7 (27.4, 31.9)
33.7 (29.8, 37.6)
38.8 (32.3, 45.4)

Physical activity
<500 MET-min/week
500 MET-min/week

32.6 (28.3, 37.0
31.6 (29.1, 34.1)
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Self-rated health status
Excellent/Very good
Good
Fair/Poor

23.6 (19.9, 27.4)
33.6 (29.8, 37.4)
47.6 (42.5, 52.7)

Self-rated weight status
Overweight
Underweight
About right

35.6 (32.5, 38.5)
46.9 (34.6, 59.2)
23.5 (19.4, 27.6)

BMI
Underweight
Normal
Overweight
Obese

28.7 (2.4, 55.0
31.4 (26.2, 36.6)
33.0 (29.4, 36.7)
31.5 (28.0, 35.1)

Nutrition-related variables
No reason for me to change my diet
Strongly/Somewhat agree
Neither agree nor disagree/Disagree

29.5 (25.1, 34.0)
32.6 (30.2, 35.0)

Awareness of MyPyramid/Food Pyramid
Yes
No

30.1 (27.6, 32.6)
39.6 (34.5, 44.7)

Use nutrition facts panel on food label
Always/Most of the time
Sometimes/Rarely/Never

28.6 (24.9, 32.4)
34.7 (31.5, 37.9)

Use health claims on food packages
Always/Most of the time
Sometimes/Rarely/Never

29.4 (25.6, 33.3)
33.1 (30.7, 35.5)

1All

the variables in the table were included in the adjusted model. The model was also
adjusted for HEI-2010.
Note: Statistically significant results are in bold.
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CHAPTER 3
THE ASSOCIATION BETWEEN PERCEIVED DIET QUALITY, HEALTHY
EATING INDEX (HEI)-2015, AND METABOLIC SYNDROME AMONG U.S.
ADULTS: ANALYSIS OF THE NATIONAL HEALTH AND NUTRITION
EXAMINATION SURVEY (NHANES) 2007-2018

3.1 Abstract

Introduction: Perceived diet quality (PDQ) is an indicator that has been positively
associated with various measures diet quality. However, limited research has been
conducted examining the association between PDQ and diet-related health outcomes. The
purpose of this study was to examine the association between PDQ, Healthy Eating Index
(HEI)-2015, and metabolic syndrome and its components among U.S. adults. Methods:
Data were derived from NHANES 2007-2018 cycles. PDQ was self-reported. We used
one or the average of two non-consecutive 24-hour dietary recalls to calculate HEI-2015
total score. Metabolic syndrome was calculated following the criteria published by the
American Heart Association and the National Heart, Lung, and Blood Institute. ANOVA
and linear regression were used to assess the relationship between PDQ and HEI-2015.
Multivariate logistic regression models were used to evaluate the association between
PDQ and HEI-2015 categories with metabolic syndrome and its components. Results: A
positive association was observed between PDQ and HEI-2015 total score. Lower PDQ
was associated with increased risk of metabolic syndrome, elevated waist circumference,
elevated triglycerides, reduced HDL cholesterol, and elevated fasting blood glucose.
Similarly, Lower HEI-2015 scores were associated with increased risk of metabolic
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syndrome, elevated waist circumference, reduced HDL cholesterol, and elevated fasting
glucose. When comparing their predicted probabilities, PDQ was a stronger predictor of
metabolic syndrome and its components than the HEI-2015 categories. Conclusion: PDQ
was positively associated with HEI-2015. Lower PDQ and HEI-2015 scores were
associated with increased risk of metabolic syndrome and some of its components. These
findings suggest PDQ is a psychosocial factor that takes into consideration various
aspects life, including nutrition, health, and lifestyle behaviors. Future studies should
examine the association between PDQ and awareness or diagnosis of cardiometabolic
risk factors and knowledge of the diet-disease link, as it could potentially explain the
stronger link seen between PDQ and metabolic syndrome and its components.

3.2 Introduction
Metabolic syndrome is a cluster of cardiometabolic risk factors associated with
increased risk of several chronic diseases, such as cardiovascular disease and type 2
diabetes (Grundy et al., 2005). The risk factors or components include abdominal
adiposity, elevated blood pressure, elevated blood sugar, elevated triglycerides, and
reduced HDL cholesterol (Grundy et al., 2005). Although the definition of metabolic
syndrome is slightly different across various organizations, the prevalence of metabolic
syndrome is increasingly common. Based on the definition published in the joint
statement by the National Heart, Lung, and Blood Institute, the American Heart
Association, among others organizations, the overall prevalence of metabolic syndrome
among adults 18 years and older in the U.S. increased from 25.3% in 1988–1994 to
34.2% in 2007–2012 (Moore, Chaudhary, & Akinyemiju, 2017).
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A factor that has been associated with metabolic syndrome in different
populations is dietary intake (El Bilbeisi, El Afifi, & Djafarian, 2019; Fogli-Cawley et al.,
2007; Kastorini et al., 2011; Santiago-Torres et al., 2020; Saraf-Bank, Haghighatdoost,
Esmaillzadeh, Larijani, & Azadbakht, 2017). Various studies have found that higher
quality diets, rich in fruits, vegetables, whole grains, low-fat dairy, and lean protein and
lower intake of refined grains, saturated fat, sodium, and added sugar have been
associated with lower risk of metabolic syndrome and its components (El Bilbeisi et al.,
2019; Fogli-Cawley et al., 2007; Santiago-Torres et al., 2020; Saraf-Bank et al., 2017).
For example, a systematic review found that higher intake of saturated fat was associated
with metabolic syndrome and its components, while replacement of saturated fat by
mono- and polyunsaturated fatty acids was associated with reducing the risk (Julibert,
Bibiloni, & Tur, 2019). In addition, a meta-analysis found that adherence to the
Mediterranean diet was associated with a reduced risk of metabolic syndrome and its
components as well (Kastorini et al., 2011).
In the U.S., despite modest improvement in diet quality over the years and the
promulgation of the Dietary Guidelines for Americans recommendations, overall diet
quality for most adults falls short of optimal intakes (Shan et al., 2019; Wang et al.,
2014). In 2015, only 12.2% and 9.3% of adults consumed the daily recommended amount
of fruits and vegetables, respectively (Lee-Kwan, Moore, Blanck, Harris, & Galuska,
2017). From 2013-2016, the contribution of whole grains to total grain intake among
adults was 15.8%, as compared to the recommendation that states that at least 50% of
total grains should be whole grains (Ahluwalia, Herrick, Terry, & Hughes, 2019).
Further, about 60%, 75%, and 88% of adults in the U.S. are exceeding the
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recommendations for added sugar, saturated fat intake, and sodium, respectively (U.S.
Department of Agriculture, 2020b).
To measure diet quality, dietary scores or indices are often used. Some examples
of these are: the Healthy Eating Index (HEI) (Guenther, Reedy, & Krebs-Smith, 2008),
the Mediterranean diet score (Mitrou et al., 2007), Dietary Approaches to Stop
Hypertension (DASH) (Sacks et al., 2001), and the Dietary Guidelines for Americans
Adherence Index (DGAI) (Fogli-Cawley et al., 2006). The HEI-2015, for example,
measures adherence to the Dietary Guidelines for Americans. It has 13 components, nine
of which are defined as adequacy components and four as moderation components. Each
component has a minimum and maximum score based on densities (amounts per 1,000
kcal), and the sum of each score totals 100 (Krebs-Smith et al., 2018). One disadvantage
of these dietary indices is that, first you need to assesses dietary intake, which can be
costly and time-consuming and even burdensome for participants to complete (Shim, Oh,
& Kim, 2014). Simpler methods for assessing diet quality, such as single-item indicator,
might be advantageous, particularly for clinical or research settings, as it can help quickly
identify or screen those in need of a dietary intervention or target those at risk of dietrelated health conditions.
Self-rated diet quality or perceived diet quality is an indicator that has been
positively associated with various measures diet quality, such as HEI and DASH scores,
and other single-item measures (Adjoian et al., 2016; Carbonneau et al., 2019; Gregory et
al., 2011; Loftfield et al., 2015). For instance, higher self-rated diet quality has been
associated with eating more fruits, vegetables, and whole grain, and cooking dinner and
sharing meals at home (Adjoian et al., 2016; Carbonneau et al., 2019; Farmer et al., 2020;
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Gregory et al., 2011; Loftfield et al., 2015; Machado, Vaz, & Mendoza-Sassi, 2019;
Sharif et al., 2016; Woglom et al., 2020). It has also been associated with lower intake of
sugar-sweetened beverages and empty calories, and lower frequency of fast-food dining
and foods-away-away-from-home (Adjoian et al., 2016; Carbonneau et al., 2019;
Gregory et al., 2011; Loftfield et al., 2015; Woglom et al., 2020). However, self-rated
diet quality has been found to be better at identifying lower quality diets than higher
quality ones (Carbonneau et al., 2019). This is important, because overestimation of diet
quality has been associated with lower intention to change dietary behaviors (Variyam et
al., 2001). Nevertheless, limited research has been conducted examining the association
between self-rated diet quality and diet-related health outcomes.
To our knowledge, only one cross-sectional study has examined the association
between perceived diet quality and cardiometabolic risk factors (i.e., hypertension and
BMI) among U.S. adults in an urban environment (Loftfield et al., 2015). More research
exploring other cardiometabolic risk factors, such as dyslipidemia, elevated blood
glucose levels, and elevated waist circumference are needed given the link between the
diet quality and these conditions. Thus, the purpose of this study was to examine the
association between perceived diet quality, HEI-2015, and metabolic syndrome and its
components among a nationally representative sample of U.S. adults.

3.3 Methods
3.3.1 Study Design and Participants
Using a cross-sectional design, we explored the association between perceived
diet quality, HEI-2015, and metabolic syndrome among U.S. adults using data from the
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National Health and Nutrition Examination Survey (NHANES) from six cycles
encompassing 2007-2018. NHANES is a series of cross-sectional studies designed and
conducted by the National Center for Health Statistics (NCHS) at the Centers for Disease
Control and Prevention (CDC). It is a nationally representative survey that evaluates the
health and nutritional status of the noninstitutionalized civilian US population (Chen et
al., 2020). Participant selection is carried out through a complex, multistage, probability
sampling design (Chen et al., 2020). All procedures involving human subjects in
NHANES were approved by the NCHS Research Ethics Review Board (ERB) and
documented consent was obtained from participants (Centers for Disease Control and
Prevention (CDC) & National Center for Health Statistics (NCHS), n.d.). Additional
information about the NHANES study design process has been described in detail
elsewhere (Chen et al., 2020; Curtin et al., 2013; Johnson et al., 2014).
Because fasting blood glucose and triglycerides levels were collected in a fasting
subsample, our analyses only included participants in the fasting subsample with either
one or two days of 24-hour dietary recall data. We excluded participants aged <20 years,
pregnant women, those with missing data on perceived diet quality, and those with
unreliable 24-hour dietary recall. The total sample size was 10,834 participants.

3.3.2 Metabolic Syndrome and Components
Blood samples, blood pressure, and anthropometric measures were collected at
the Mobile Examination Centers (MEC) by trained examiners following standardized
protocols. Description of the data collection process is described elsewhere (Centers for
Disease Control and Prevention (CDC) & National Center for Health Statistics (NCHS),
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n.d.). Metabolic syndrome was defined following the criteria for diagnosis and
management of metabolic syndrome published by the American Heart Association
(AHA) and the National Heart, Lung, and Blood Institute (NHLBI) (Grundy et al., 2005).
The presence of ≥3 of the following components was defined as having metabolic
syndrome: elevated waist circumference (≥88 cm for women and ≥102 cm for men),
elevated triglycerides levels (≥150 mg/dL), low HDL cholesterol levels (<40 mg/dL for
men and <50 mg/ dL for women), elevated blood pressure (systolic ≥130 mmHg and/or
diastolic ≥85 mmHg) or drug treatment for hypertension, and elevated fasting glucose
(≥100 mg/dL) or drug treatment for elevated fasting glucose. Because NHANES only
asked about taking prescription for cholesterol, not specifically for elevated triglycerides
or reduced HDL cholesterol, we did not consider cholesterol prescription as a drug
treatment for elevated triglycerides or reduced HDL levels. Although some cholesterol
medication does affect triglyceride levels and HDL levels, we decided not to use it as a
proxy to avoid overestimation of metabolic syndrome. Metabolic syndrome was
considered a categorical variable in our analyses (yes/no) and components were
considered categorical and continuous variables in our analyses.

3.3.3 Perceived Diet Quality
Perceived or self-rated diet quality was assessed via questionnaire by asking
participants the following question: “In general, how healthy is your overall diet? Would
you say excellent, very good, good, fair, or poor?” This variable was reported as a 5-point
Likert scale (1 = “poor,” 2 = “fair,” 3 = “good,” 4 = “very good,” 5 = “excellent”) and
was considered a categorical and ordinal variable in our analyses.
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3.3.4 Dietary Intake and Diet Quality (Healthy Eating Index-2015)
Dietary intake collected from either one or two-nonconsecutive 24-hour dietary
recalls was used to calculate the components and total score of the HEI-2015. Detailed
information about the dietary interview process is described elsewhere (Centers for
Disease Control and Prevention (CDC) & National Center for Health Statistics (NCHS),
n.d.). In brief, the first 24-hour dietary recall was collected via an in-person interview at
the MEC; the second was collected via a telephone interview three to ten days later
(Centers for Disease Control and Prevention (CDC) & National Center for Health
Statistics (NCHS), n.d.). Both were conducted by trained research staff using the USDA's
dietary data collection instrument called the Automated Multiple Pass Method (AMPM)
(Centers for Disease Control and Prevention (CDC) & National Center for Health
Statistics (NCHS), n.d.). Measuring guides (i.e. cups, spoons, a ruler, and a food model
booklet) were given to participants to use for reporting amounts of foods.
The HEI-2015 assesses intake of 13 components (nine adequacy components:
total fruits, whole fruits, total vegetables, greens and beans, whole grains, dairy, total
protein foods, seafood and plant protein, and fatty acids; and four moderation
components: refined grains, sodium, added sugars, and saturated fats) (Krebs-Smith et al.,
2018). An overall score ranging from 0–100 was created by adding the score for each
individual component (which ranges from 0-5 or 0-10) (Krebs-Smith et al., 2018). Higher
scores indicate greater adherence to the Dietary Guidelines for Americans. The HEI-2015
was divided into categories based on the total score (100-75, 74-65, 64-45, 44-35, 35-0)
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and it was considered an ordinal and categorical variable in our analyses. The HEI-2015
total score was used as a continuous variable in the bivariate analysis as well.

3.3.5 Statistical Analyses
Descriptive statistics, such as frequencies, means, and standard errors were used
to describe the population characteristics, including HEI-2015 total and component
scores. Population characteristics were cross-tabulated with our exposure, perceived diet
quality and HEI-2015 categories, and our outcome, metabolic syndrome (yes/no), and pvalues were calculated using Chi-Square. Perceived diet quality and HEI-2015 total score
were also cross-tabulated and p-values were calculated using ANOVA and p-trend was
calculated using linear regression. Perceived diet quality and HEI-2015 categories were
cross-tabulated with metabolic syndrome and its components in their categorical and
continuous form and p-values were calculated using Chi-Square or ANOVA and p-trend
was calculated using linear regression. Multivariable logistic regression models were
used to model the relation between perceived diet quality and HEI-2015 categories with
metabolic syndrome and its categorical components, while adjusting for covariates that
were significant in the bivariate analysis. Predicted probabilities for perceived diet quality
and HEI-2015 categories with metabolic syndrome and its components were calculated
using the estimated coefficients of the multivariable logistic regression models. To
calculate p-trends, logistic regression models were used to model the relationship
between ordinal perceived diet quality, as well as ordinal HEI-2015 categories and
metabolic syndrome and its components. For all the analyses, complex survey design and
sampling weights were considered. All statistical analyses were conducted using SAS
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(version 9.4, SAS Institute Inc., Cary, NC, USA) and Stata (version 17, StataCorp.,
College Station, TX: StataCorp LLC.).

3.4 Results
3.4.1 Characteristics of Study Participants
Overall, 10,834 participants were eligible for inclusion in our study. After
adjusting for sample weights, 50.9% of the participants were females, 35.6% were
between the ages of 20-39 years, and 69.5% were non-Hispanic White. In terms of
income and education, 42.1% had a poverty income ratio >350% and 31.5% were college
graduate or above. For health-related variables, 55.4% were non-smokers, 42.7%
perceived their health as excellent/very good, 50.3% were aware of the dietary guidance
programs (i.e., Food Pyramid/ MyPyramid/ MyPlate), 66.7% had physical activity levels
500 MET-min/week, and 38.1% were obese.

3.4.2 Metabolic Syndrome
As shown in Table 1, 37.7% of participants met the criteria of 3 or more risk
factor components for metabolic syndrome. No significant differences were observed by
gender. When examining the components of metabolic syndrome, 57.7% of participants
had elevated waist circumference (men 47.0%, women 68.1%, p-value <.0001), 24.3%
had elevated triglycerides (men 27.9%, women 20.9%, p-value <.0001), 27.7% had
reduced HDL cholesterol (men 25.4%, women 30.0%, p-value <.0001), 40.5% had
elevated blood pressure or were taking medication for it (men 42.1%, women 39.0%, p-
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value = 0.0099), and 53.5% had elevated fasting glucose or were taking medication for it
(either insulin or diabetic pills) (men 61.4%, women 46.0%, p-value <.0001).
Metabolic syndrome was significantly associated with age groups, race/ethnicity,
education, poverty income ratio, education, smoking status, self-rated health, awareness
of food guidance programs, physical activity, and BMI categories (p-value <.05) (Table
2). In terms of the sociodemographic variables, individuals 60 years and older, nonHispanic Whites, those with less than a high school education, and those with poverty
income ratio <130% had the highest proportion of participants with metabolic syndrome
in each group. For health-related variables, past smokers, participants who rated their
health as fair/poor, those unaware of the dietary guidance programs (i.e., Food
Pyramid/MyPyramid/MyPlate), those with physical activity <500 MET-min/week, and
those with obesity had the highest proportion of participants with metabolic syndrome in
each group (Table 2).

3.4.3 Perceived Diet Quality
Only a small number (7.9%) of participants perceived their diet as excellent;
21.6% perceived their diet as very good, 42.6% as good, 22.5% as fair, and 5.4% as poor.
Similar to metabolic syndrome, perceived diet quality was significantly associated with
age groups, gender, race/ethnicity, education, poverty income ratio, smoking status, selfrated health, awareness of food guidance programs (i.e., Food Pyramid, MyPyramid,
MyPlate), physical activity, and BMI categories (p-value <.05) (Table 3). Those who
rated their diet as excellent had the highest proportion of individuals aged 60 years and
older, male, “Other” race/ethnicity, with a poverty income ratio >350%, college graduate
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or above, past smoker, self-rated health status as excellent/very good, aware of dietary
guidance programs, had physical activity levels 500 MET-min/week, and were either
underweight or normal weight (Table 1). On the other hand, those who rated their diet as
poor had the highest proportion of individuals aged 20-39 years, non-Hispanic Blacks
and Hispanics, with a poverty income ratio <130% and less than a high school education,
current smokers, self-rated health status as fair/poor, unaware of the dietary guidance
programs, had physical activity levels <500 MET-min/week and had obesity (Table 3).

3.4.4 Healthy Eating Index (HEI)-2015
The HEI-2015 total score ranged from 10.0 to 98.7 out of a possible 100. The
overall mean total score was 53.2 (95% Confidence Limits (CL) for mean: 52.7, 53.7).
Many of the participants’ characteristics were associated with HEI-2015 total score,
including age groups, gender, race/ethnicity, poverty income ratio, education, smoking
status, self-rated health, awareness of dietary guidance programs, physical activity, and
BMI categories (p-value <.05). Those with the highest mean HEI-2015 total score were
individuals aged 60 years and older, female, “Other” race/ethnicity, with a poverty
income ratio >350%, and college graduate or above. They were also nonsmokers and past
smokers, perceived their health status as excellent/very good, were aware of dietary
guidance programs, had physical activity levels 500 MET-min/week, and were normal
weight (Table 4).
When looking at the HEI-2015 based on the categories, only 7.5% of participants
belong to the highest category (with scores 100-75). They had an average HEI-2015 total
score of 80.4 (95%CL: 79.9, 80.8). Approximately 20.6% of participants belong to the
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second highest category (those with HEI-2015 scores between 74-65). Their mean HEI2015 total score was 68.9 (95%CL: 68.7, 69.1). About half (51.0%) of the participants
belonged to the middle category (HEI-2015 scores between 64-45). The average HEI2015 total score was 53.9 (95%CL: 53.7, 54.1). The second to lowest category (those
with scores between 44-35) had a percentage of participants of 14.2%. Their mean HEI2015 total score was 40.2 (95%CL: 40.0, 40.3). Lastly, 6.7% of participants belong to
lowest category (with scores between 34-0), and their average HEI-2015 total score was
30.1 (95%CL: 29.7, 30.4) (p-trend <.0001).

3.4.5 Perceived Diet Quality and Healthy Eating Index (HEI)-2015
When mean HEI-2015 total score was compared to the perception of diet quality,
a positive relationship between these two variables. HEI-2015 total score improved as
perception of diet quality went from poor to excellent. Those who rated their diet as poor
had a mean HEI-2015 total score of 46.1 (95%CL: 45.2, 47.0). It increased to 49.0
(95%CL: 48.3, 49.7) for those who rated it as fair, to 52.4 (95%CL: 51.8, 53.0) for those
who rated it as good, to 58.3 (95%CL: 57.5, 59.2) for those who rated it as very good,
and to 60.3 (95%CL: 58.8, 61.9) to those who rated it as excellent (p-trend <.0001)
(Table 5).
When cross-tabulating the HEI-2015 categories by the perception of diet quality,
those in the lowest category (with scores between 34-0) had a high proportion of
participants with a perception of diet quality of good (40.7%), fair (33.0%), and poor
(10.3%). As HEI-2015 categories increase, so did the proportion of participants who
rated their diet as very good and excellent. Those in the highest category (with scores
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between 100-75) had high proportion of participants with good (31.6%), very good
(42.7%), and excellent (18.1%) perceived diet quality (p-value <.0001).

3.4.6 Metabolic Syndrome and Healthy Eating Index (HEI)-2015
Participants with metabolic syndrome had a mean HEI-2015 total score of 52.4
(95%CL: 51.8, 52.9), while those without metabolic syndrome had a significantly higher
score of 53.7 (95%CL: 53.1, 54.3) (p-value <.0001). A similar pattern was observed for
all components of metabolic syndrome, except elevated blood pressure, as shown in
Table 6. Those with elevated waist circumference had a mean HEI-2015 total score of
52.5 (95%CL: 52.0, 53.0), while individuals with normal waist circumference had a score
of 54.1 (95%CL: 53.4, 54.8) (p-value <.0001). Participants with elevated triglycerides
had a mean score of 52.2 (95%CL: 51.4, 52.9), while those with normal levels had a
score of 53.5 (95%CL: 52.9, 54.1) (p-value = 0.004). Similarly, individuals with reduced
HDL had a mean HEI-2015 total score of 51.0 (95%CL: 50.3, 51.7), while those with
normal levels had a score of 54.1 (95%CL: 53.5, 54.7) (p-value <.0001). For participants
with elevated fasting blood sugar or taking medication, mean HEI-2015 total score was
52.9 (95%CL: 52.4, 53.5), and for those with normal levels, the score was 53.5 (95%CL:
52.8, 54.2), however this difference was not statistically significant (p-value = 0.056).
Unlike other components of metabolic syndrome, participants with elevated blood
pressure or taking medication had a higher HEI-2015 total score of 53.7 (95%CL: 53.1,
54.2), than those with normal levels or not taking medication, who had a score of 52.8
(95%CL: 52.2, 53.5) (p-value = 0.008).
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When looking at the HEI-2015 categories, the prevalence of metabolic syndrome
and some of the components decreased as categories increased from lower scores to
higher scores. Compared to those in the lowest category (with scores between 34-0),
participants in the highest category (with scores between 100-75) had lower risk of
having metabolic syndrome (36.2% vs 30.8%) (p-value = 0.0019), elevated waist
circumference (57.9% vs 48.8%) (p-value < 0.0001), elevated triglycerides (22.5% vs
17.3%) (p-value = 0.0005), reduced HDL (35.4% vs 19.1%) (p-value < 0.0001), and
elevated fasting blood sugar or taking medication for it (53.2% vs 48.5%) (p-value =
0.0615). For elevated blood pressure, the opposite trend was observed. Participants in the
lowest category had a lower risk of having elevated blood pressure or taking medication
as compared to those in the highest category (34.1% vs 41.4%) (p-value = 0.0115).

3.4.7 Association Between Perceived Diet Quality and Metabolic Syndrome
When evaluating the components of metabolic syndrome as continuous variables,
all of them, except for systolic blood pressure, were inversely associated with perceived
diet quality (Likert-like scale from 1 to 5, or poor to excellent) (Table 7). Mean waist
circumference decreased from 105.7 cm (95%CL: 103.7, 107.6) to 92.9 cm (95%CL:
91.4, 96.5) as ratings went from poor to excellent (p-trend <.0001). Similarly, mean
triglycerides levels decreased from 132.0 mg/dL (95%CL: 123.5, 140.5) to 103.4 mg/dL
(95%CL: 94.8, 112.3) as ratings went from poor to excellent (p-trend <.0001). For HDL
cholesterol, mean values increased from 49.1 mg/dL (95%CL: 47.7, 50.5) to 59.5 mg/dL
(95%CL: 57.8, 61.2) (p-trend <.0001) as ratings went from poor to excellent. Mean
systolic blood pressure remained very similar, from 121.7 mmHg (95%CL: 120.2, 123.2)
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to 121.4 mmHg (95%CL: 119.9, 123.1) (p-trend= 0.4987) as ratings went from poor
excellent. For diastolic blood pressure, mean values slightly decreased from 70.0 mmHg
(95%CL: 68.6, 71.3) to 68.3 mmHg (95%CL: 67.3, 69.3) (p-trend <.0001) as ratings
went from poor to excellent. Fasting glucose decreased from 111.5 mg/dL (95%CL:
108.0, 115.1) to 102.5 mg/dL (95%CL: 100.8, 104.2) (p-trend <.0001) as ratings went
from poor to excellent. A similar pattern was observed when the analysis was stratified
by gender (Table 7).
When metabolic syndrome was categorized as a dichotomous outcome in our
logistic regression models, the odds of having metabolic syndrome increased in a linear
manner as perception of diet quality went from excellent to poor (p-trend <.0001). A
similar pattern was observed for all components of metabolic syndrome, except for
elevated blood pressure in the unadjusted model (Table 8). In the multivariable logistic
regression model, the relationships became stronger (Table 9). Participants who rated
their diet as poor had an increased risk of metabolic syndrome (OR: 2.39; 95% CI: 1.68,
3.39), as well as elevated waist circumference (OR: 4.05; 95% CI: 2.88, 5.70), elevated
triglycerides (OR: 1.69; 95% CI: 1.15, 2.48), reduced HDL cholesterol (OR: 2.17; 95%
CI: 1.51, 3.11), and elevated blood glucose or taking medication for it (OR: 1.53; 95%
CI: 1.11, 2.10) than did those in the excellent category after adjustment for age
categories, gender, race/ethnicity, poverty income ratio, smoking status, physical activity,
awareness of dietary guidance programs, self-rated health status, and total caloric intake
(Table 9).
When looking at the predicted probabilities, those who rated their diet as poor had
the highest probability of having metabolic syndrome or any of the components, and it
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decreased as perception of diet quality increased from poor to excellent (Table 10). For
instance, the predicted probability for participants with metabolic syndrome who rated
their diet as poor was 43.1% and it decreased to 26.4% for those who rated it as excellent.
Similarly, for elevated waist circumference, the predicted probability decreased from
70.1% to 42.6% as ratings increased from poor to excellent. For elevated triglycerides,
the predicted probability decreased from 25.2% to 17.0% as ratings increased from poor
to excellent. For reduced HDL, the predicted probability for those who rated their diet as
poor was 32.4% and it decreased to 18.5% for those who rated their diet as excellent. For
elevated fasting glucose, the predicted probability decreased from 57.6% to 48.6% as
ratings increased from poor to excellent. For elevated blood pressure, the predicted
probability for those who rated their diet as poor was 41.2%, while for those who rated it
as excellent was 36.8%. However, the observed trend was not significant.

3.4.8 Association Between Healthy Eating Index-2015 and Metabolic Syndrome
When evaluating the components of metabolic syndrome as continuous variables,
waist circumference, triglycerides, HDL cholesterol, and diastolic blood pressure were
negatively associated with HEI-2015 categories (lowest HEI-2015 scores to highest)
(Table 11). Mean waist circumference decreased from 101.8 cm (95%CL: 100.2, 103.5)
to 95.0 cm (95%CL: 93.4, 96.6) as HEI-2015 categories increased from lowest to highest
(p-trend <.0001). Similarly, mean triglycerides levels decreased from 126.0 mg/dL
(95%CL: 115.4, 136.7) to 105.3 mg/dL (95%CL: 98.1, 112.5) as HEI-2015 categories
increased from lowest to highest (p-trend =0.0015). Mean HDL cholesterol increased
from 49.2 mg/dL (95%CL: 48.2, 50.2) to 59.7 mg/dL (95%CL: 58.1, 61.2) (p-trend
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<.0001) as HEI-2015 categories increased from lowest to highest. For diastolic blood
pressure, mean values slightly decreased from 70.5 mmHg (95%CL: 69.2, 71.7) to 69.4
mmHg (95%CL: 68.4, 70.5) (p-trend =0.0047) as HEI-2015 categories increased from
lowest to highest. For fasting blood glucose, mean values also slightly decreased from
106.3 mg/dL (95%CL: 104.1, 108.4) to 103.5 mg/dL (101.7, 105.3), although the trend
was not statistically significant (p-trend 0.0786). A similar pattern was observed when the
analysis was stratified by gender (Table 11). Mean systolic blood pressure did not show a
significant trend as HEI-2015 categories increased from lowest to highest.
When metabolic syndrome was categorized as a dichotomous outcome in our
logistic regression models, the odds of having metabolic syndrome increased in a linear
manner as HEI-2015 categories decreased (p-trend <.0001). A similar pattern was
observed for three out of the five the components of metabolic syndrome (elevated waist
circumference, elevated triglycerides, and reduced HDL cholesterol) in the unadjusted
model, and an opposite trend was observed for elevated blood pressure (Table 12). In the
multivariable logistic regression model, the relationship between HEI-2015 categories
and metabolic syndrome, elevated waist circumference, and reduced HDL cholesterol
remained significant, while the relationship with elevated triglycerides was no longer
significant. In addition, a significant trend was observed for elevated fasting blood
glucose (Table 13). Participants in the second to lowest HEI-2015 category had an
increased risk of metabolic syndrome (OR: 1.55; 95% CI: 1.17, 2.05), as well as of
elevated waist circumference (OR: 1.84; 95% CI: 1.44, 2.37), reduced HDL cholesterol
(OR: 1.42; 95% CI: 1.10, 1.83), and elevated blood glucose or taking medication for it
(OR: 1.29; 95% CI: 1.02, 1.62) than did those in the highest HEI-2015 category after
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adjustment for age categories, gender, race/ethnicity, poverty income ratio, smoking
status, physical activity, awareness of dietary guidance programs, self-rated health status,
and total caloric intake (Table 13).
When looking at the predicted probabilities, participants in the second to lowest
and lowest HEI-2015 categories had the highest probability of having metabolic
syndrome, elevated waist circumference, reduced HDL cholesterol, and elevated fasting
blood glucose, and the probability decreased as HEI-2015 categories increased from
lowest to highest (Table 14). The predicted probability for participants with metabolic
syndrome in the lowest category (with scores between 34-0) was 37.1% and for those in
the second lowest was 40.6%, and it decreased to 32.0% for those who were in highest
category (with scores between 100-75) (p-trend <.0001). Similarly, for elevated waist
circumference, the predicted probability decreased from 60.7% to 48.5% as HEI-2015
categories increased from lowest to highest (p-trend <.0001). The predicted probability
for participants in the lowest HEI-2015 category for reduced HDL was 31.3%, and it
decreased to 23.1% for those in highest category (p-trend <.0001). Similarly, for elevated
fasting glucose, the predicted probability decreased from 54.5% to 49.0% as HEI-2015
categories increased from lowest to highest. The trend was not significant for elevated
triglycerides or elevated blood pressure. For elevated triglycerides, the change in the
predicted probability decreased from 21.1% in the lowest and 25.3% in the second lowest
to 19.6% as HEI-2015 categories increased from lowest to highest. For elevated blood
pressure, the probability remained about the same as categories increased from lowest to
highest.
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3.5 Discussion
This study explored the association between perceived diet quality, HEI-2015 and
metabolic syndrome in a nationally representative sample of U.S. adults. We found a
positive association between perceived diet quality and HEI-2015 total score. We also
found that as perception of diet quality increased, the risk of metabolic syndrome
decreased, along with the risk of most of its components, except for elevated blood
pressure. Similarly, we found that as HEI-2015 categories increased from lowest to
highest, the risk of metabolic syndrome decreased, as well as the risk for elevated waist
circumference, reduced HDL cholesterol, and elevated fasting glucose. These findings
suggest that how individuals perceive the healthfulness of their diet is associated with
their current dietary intake and health status, and that individuals consuming a diet
consistent with the 2015-2020 Dietary Guidelines for Americans is associated with lower
risk of metabolic syndrome and some of its components.
Few studies have explored the association between perception of diet quality and
cardiometabolic risk factors. A study conducted among 1,644 adults residents of New
York City, found an inverse relationship between perceived diet quality and systolic and
diastolic blood pressure, as well as BMI (Loftfield et al., 2015). However, Spearman
correlation tests showed that systolic and diastolic blood pressure were weakly correlated
with perceived diet quality (for systolic,  =0.06, p <0.03; for diastolic,  =0.18, p <
0.001), while BMI was moderately correlated with perceived diet quality (=0.29, p <
0.001) (Loftfield et al., 2015). In their adjusted model, the odds ratios showed that the
risk of hypertension and obesity increased as self-rated diet quality decreased from
excellent to poor (Loftfield et al., 2015). In our study, we did not see a significant
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association between perceived diet quality and risk of hypertension in the adjusted model.
However, we did see a significant correlation between diastolic blood pressure as a
continuous variable and perceived diet quality, although the association was weak. When
looking at the amount of sodium intake in our sample, there was no difference in the
categories of perception of diet quality, which suggests that when individuals evaluate the
quality of their diet, they may not think of sodium as a nutrient of concern. This could be
because they may be unaware of how much sodium they are consuming.
In addition, we saw a strong association between perceived diet quality and
elevated waist circumference in the adjusted model. Those who rated their diet as poor
were four times more likely (OR= 4.05; 95%CI: 2.88, 5.70) to have elevated waist
circumference, as compared to those who rated it as excellent. Other studies have found
similar associations with BMI categories (Batis et al., 2020; Gregory et al., 2011). A
study in the U.S. compared changes in the perception of diet quality between 1989-91
and 2005-08 and found that those who were underweight, overweight, or obese were less
likely to rate their diets as excellent/very good, as compared to those with normal weight
(Gregory et al., 2011). A study among 989 Mexicans, aged 20–59 years, found a higher
proportion of individuals with normal BMI perceiving their diet as healthy (Batis et al.,
2020). In addition, a qualitative study among a sample of Danish adults found that
participants’ overall feelings of wellbeing and their perceived weight status and weight
concerns were decisive criteria when assessing the healthfulness of their diets (Sørensen
& Holm, 2016). These studies suggest that individuals use their current weight status a
major determinant of their perceived diet quality.
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We also found that as perception of diet quality increased, the odds of having
metabolic syndrome, elevated triglycerides, reduced HDL cholesterol, and elevated
fasting blood glucose decreased. Research suggests that participants’ perceived health
status is an important factor that influences how they perceived the quality of their diet
(Sørensen & Holm, 2016; Sørensen et al., 2017; Variyam et al., 2001). In our study,
individuals with metabolic syndrome were more likely to rate their diet and health status
more poorly as compared to those without metabolic syndrome. However, these
individuals only had a slightly lower HEI-2015 total score than those without metabolic
syndrome. As the qualitative Danish study found, feeling healthy and not being
overweight were associated with overestimation of diet quality, while those who struggle
with weight were more realistic about their unhealthy diets (Sørensen & Holm, 2016).
Other studies examining perceived or self-rated health status have found similar
associations with various cardiovascular risk factors (Kananen et al., 2021; Manczuk et
al., 2017; van der Linde et al., 2013; Veromaa, Kautiainen, Juonala, Rantanen, &
Korhonen, 2017; Yamada, Moriyama, & Takahashi, 2012). For instance, a Japanese
study among 3744 adults found that as self-rated health decreased, waist circumference,
systolic and diastolic blood pressure, fasting plasma glucose, and triglycerides increased,
while HDL cholesterol decreased (Yamada et al., 2012). When looking at these
parameters as dichotomous outcomes, the odds ratios followed the same trends.
Similarly, undesirable lifestyle habits were also associated with self-rated health status
(Yamada et al., 2012). The combined effects of perceiving their diet and health more
poorly could explain the association between perceived diet quality and metabolic
syndrome and its components. Awareness or diagnosis of these cardiometabolic risk
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factors and knowledge of the diet-disease link could potentially be the reason why
individuals assess their perceived diet quality more accurately.
Further, research examining the relationship between diet quality, as measured by
HEI, and risk of metabolic syndrome and components have shown similar results across
various populations. Most of the studies using the HEI-2010 have found an association
between higher total scores and higher risk of metabolic syndrome (El Bilbeisi et al.,
2019; Santiago-Torres et al., 2020; Saraf-Bank et al., 2017). Some of these studies have
also found an association between HEI-2010 and components of metabolic syndrome,
such as elevated waist circumference, elevated blood pressure, elevated triglycerides,
reduced HDL cholesterol, and elevated blood glucose, although this last one has not been
consistently found (El Bilbeisi et al., 2019; Santiago-Torres et al., 2020; Saraf-Bank et
al., 2017). Other studies have evaluated the association between different iterations of the
HEI and waist circumference and have found inverse association between them (Tande,
Magel, & Strand, 2010; Yoshida et al., 2017). Few studies have examined the association
between HEI-2015 and metabolic syndrome. A study among 2,326 Iranian adults found
no association between HEI-2015 total score and metabolic syndrome or components
among the population as a whole (Hassani Zadeh, Nadjarzadeh, Mirzaei, SalehiAbargouei, & Hosseinzadeh, 2020). On the other hand, a U.S. study among 393 adults
aged 18-65 years found a positive association between HEI-2015 total score and
participants with one or more cardiometabolic risk factor and these association varied in
strength according to age and sex (Artegoitia et al., 2021). Other studies using different
diet quality indices, such as the Dietary Guidelines Adherence Index (DGAI), have found
similar results (Ducharme-Smith et al., 2021; Fogli-Cawley et al., 2007). In our study, we
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found that those in the lowest HEI-2015 categories had a higher risk of metabolic
syndrome, as well as elevated waist circumference, reduced HDL cholesterol, and
elevated fasting glucose. Differences in the study populations, sample sizes, and study
design could explain inconsistencies in the results, particularly among those using the
HEI-2015.
On the other hand, perceived or self-rated diet quality has been consistently
associated with measures of diet quality (Adjoian et al., 2016; Carbonneau et al., 2019).
In two validation studies, one conducted in a sample of New York City adults (n=485)
using the HEI-2010 and the other conducted in a sample of French Canadians (n=1,045)
using the Canadian HEI (C-HEI), researchers found that perceived diet quality was
modestly associated with the HEI (ρ= 0.29-0.34, p <0.001) (Adjoian et al., 2016;
Carbonneau et al., 2019). In addition, when evaluating the predictive value of self-rated
diet quality as compared to the C-HEI, self-rated diet quality was found to have lower
positive predictive value (44.7%) and a higher negative predictive value (81.4%)
(Carbonneau et al., 2019). This finding suggests that perceived diet quality was better at
detecting those with lower quality diets than those with higher quality diets (Carbonneau
et al., 2019). Other studies have found that participants with higher perceived diet quality
also had higher HEI-2010 total score as well as DASH index score (Powell-Wiley et al.,
2014; Woglom et al., 2020). However, these higher scores do not necessary reflect
healthy diets, which supports the Canadian study conclusions. Consistent with the
previous findings, we found a positive association between perceived diet quality and
HEI-2015. Those who rated their diet as excellent had higher HEI-2015 total score and it
significantly decreased as ratings went from excellent to poor. However, the total score
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for those who perceived their diet as excellent was 60.3, which suggest that dietary intake
could be improved. We also found all components of the HEI-2015 to be positively
associated with perceived diet quality, except for sodium. Components of the HEI that
have been consistently found to have a strong association with perceived diet quality are:
whole fruits, total vegetables, whole grains, and empty calories (Adjoian et al., 2016;
Carbonneau et al., 2019; Powell-Wiley et al., 2014; Woglom et al., 2020). Other studies
have explored the association between perceived diet quality and dietary behaviors and
have found that higher self-rated diet quality was associated with eating more fruits and
vegetables, and cooking dinner and sharing meals at home (Adjoian et al., 2016;
Carbonneau et al., 2019; Farmer et al., 2020; Gregory et al., 2011; Loftfield et al., 2015;
Machado et al., 2019; Sharif et al., 2016). It has also been associated with lower intake of
sugar-sweetened beverages and lower frequency of fast-food dining and foods-awayaway-from-home (Adjoian et al., 2016; Carbonneau et al., 2019; Gregory et al., 2011;
Loftfield et al., 2015; Woglom et al., 2020). These results suggest that individuals rate
their overall diet quality based on foods or behaviors that are generally perceived as
healthy or unhealthy, which is consistent with our results.
When comparing the predicated probabilities of metabolic syndrome and
components by perceived diet quality and HEI-2015 categories, we observed that
perception of diet quality is a stronger predictor of metabolic syndrome and its
components than the HEI-2015, particularly for elevated waist circumference. The reason
for this could be due to the fact that perception of diet quality is a psychosocial factor that
takes into consideration various aspects life, such as dietary intake, perceived health
status, and lifestyle behaviors. Because of this, when we compare it to other measures of
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diet quality such as the HEI, we observe that some individuals are misperceiving the
quality of their diet. Overestimation of diet quality is common, especially among those
who feel healthy and are not overweight (Sørensen et al., 2017; Variyam et al., 2001).
Those who overestimate the quality of their diets are also less likely to want to change
their dietary behaviors and our data confirms this as well (Variyam et al., 2001). Even
though higher self-rated diet quality has been associated with better diet quality, these
diets do not necessarily represent optimal dietary patterns. Public health messages and
nutrition education campaigns need to be tailored to target those who are unaware of their
suboptimal dietary intake. Given that their health status plays a role in the assessment of
their diets, increasing their knowledge of the potential adverse health effects associated
with poor diets might be needed to motivate them to initiate behavior change.
To our knowledge, this is the first study to explore the association between
perceived diet quality and metabolic syndrome and components among a sample of U.S.
adults. We used a national level dataset, which collects data using standardized and
rigorous methods, and our estimates were weighted to be representative of the U.S.
population. We also had a large sample size, and we were able to adjust for significant
covariates in the multivariate model. Our study also had some limitations. First, because
the study was cross-sectional, our results cannot be interpretated as casual. Second, we
used either one or the average of two non-consecutive 24-hour dietary recalls to
calculated diet quality, which may not represent participants’ usual dietary intake.
Dietary intake was self-reported, and therefore could be subject to report bias due to
social desirability. This could have led to an underestimation of the participants’ actual
diet quality, resulting in bias towards the null for the association between HEI-2015 and
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metabolic syndrome and components. Third, there were some missing data in the
multivariate model, which could potentially affect the external validity of the results.
However, the distribution of the characteristics of the population among those with and
without missing data was similar, which suggest that data were missing at random.
Finally, for elevated triglycerides and reduced HDL cholesterol, NHANES did not
address the use of medications for these conditions specifically, but rather addressed the
use of medications for general cholesterol levels. Thus, we did not consider the use of
medications for elevated triglycerides and reduced HDL cholesterol as the definition
requires, and this could have led to lower a prevalence of metabolic syndrome, as well as
these two conditions.

3.6 Conclusion
A positive association was observed in our study between perceived diet quality
and HEI-2015 total score. We found that perceived diet quality was associated with
metabolic syndrome, elevated waist circumference, elevated triglycerides, reduced HDL
cholesterol, and elevated fasting blood glucose. We also found that the HEI-2015 was
associated with metabolic syndrome, elevated waist circumference, reduced HDL
cholesterol, and elevated fasting glucose. These findings suggest that how people
perceive the quality of their diet is associated with their current dietary intake and health
status and that higher adherence to the 2015-2020 Dietary Guidelines for Americans is
associated with lower risk of metabolic syndrome and some of its components. When
comparing strength of the relationship between perceived diet quality and HEI-2015 with
metabolic syndrome and components, perception of diet quality appeared to be a stronger
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predictor of metabolic syndrome and its components than the HEI-2015. This could be
due to the fact that perception of diet quality is a psychosocial factor that takes into
consideration various aspects life, including nutrition, health, and lifestyle behaviors. Our
findings suggest that perceived diet quality could be used a proxy for more complex
measures of diet quality as it can help identify those with poor diet quality and higher risk
of cardiometabolic diseases. Future studies should explore the association between
perceived diet quality and awareness or diagnosis of cardiometabolic risk factors and
knowledge of the diet-disease link, as it could potentially explain the stronger link seen
between perceived diet quality and metabolic syndrome and its components.
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Table 3.1. Distribution of metabolic syndrome and its components; unweighted
frequency, (weighted %); NHANES 2007-2018 (n = 10,834).
Metabolic Syndrome a

N (weighted %)
6,324 (62.3)
4,374 (37.7)

No
Yes
Components
Elevated waist circumference b
No
Yes
Elevated triglycerides c
No
Yes
Reduced HDL cholesterol d
No
Yes
Elevated blood pressure e
No
Yes
Elevated fasting glucose f
No
Yes
a

4,446 (42.3)
6,143 (57.7)
8,100 (75.7)
2,634 (24.3)
7,640 (72.3)
3,100 (27.7)
5,833 (59.5)
5,001 (40.5)
4,676 (46.5)
6,158 (53.5)

Metabolic syndrome defined as having 3 or more of the components in the table (N= 10,698).
Waist circumference ≥88 cm for women and ≥102 cm for men (N= 10,589).
c
Triglycerides ≥150 mg/dL (N= 10,734).
d
HDL cholesterol <40 mg/dL for males and <50 mg/dL for females (N= 10,740).
e
Systolic blood pressure ≥130 mmHg, or diastolic blood pressure ≥85 mmHg, or drug treatment (n =
10,834).
f
Fasting glucose ≥100 mg/dL or drug treatment for elevated glucose (n = 10,834).
b
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Table 3.2. Baseline characteristics according to metabolic syndrome; unweighted
frequency, (Weighted %); NHANES 2007-2018 (n = 10,698).

Total

Metabolic Syndrome
No

Yes

Age groups
20-39 years
40-59 years
60 years

3418 (35.8)
3635 (37.4)
3645 (26.8)

2662 (79.2)
2112 (59.3)
1550 (43.9)

756 (20.8)
1523 (40.7)
2095 (56.1)

<.0001

Gender
Male
Female

5245 (49.2)
5453 (50.8)

3148 (61.8)
3176 (62.7)

2097 (38.2)
2277 (37.3)

0.4132

Race/Ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other

4811 (69.5)
2077 (10.4)
2621 (13.1)
1189 (7.0)

2739 (61.1)
1244 (64.4)
1489 (62.6)
852 (70.4)

2071 (38.9)
833 (35.6)
1132 (37.4)
337 (29.6)

<.0001

Poverty Income Ratio
< 130% PIR
130-350% PIR
> 350% PIR

3283 (21.1)
4114 (36.7)
3301 (42.2)

1842 (59.8)
2359 (59.3)
2123 (65.6)

1441 (40.2)
1755 (40.1)
1178 (34.4)

0.0008

Education
< High school
High school/equivalent
Some college
 College graduate

2316 (14.3)
2430 (22.8)
3242 (31.4)
2710 (31.5)

1176 (54.6)
1346 (56.6)
1908 (60.7)
1894 (71.5)

1140 (45.4)
1084 (43.4)
1334 (39.3)
816 (28.5)

<.0001

Smoking status
Non-smoker
Past smoker
Current smoker

5913 (55.4)
2709 (26.1)
2076 (18.5)

3706 (65.9)
1372 (53.9)
1246 (63.3)

2207 (34.1)
1337 (46.1)
830 (36.7)

<.0001

Self-rated health
status
Excellent/Very good
Good
Fair/Poor

3829 (42.8)
4421 (40.3)
2448 (16.9)

2782 (74.7)
2526 (57.1)
1016 (43.2)

1047 (25.3)
1895 (42.9)
1432 (56.8)

<.0001

Characteristics

Awareness of Food
Pyramid/MyPyramid/
MyPlate
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Pvalue

Yes
No

4847 (50.3)
5851 (50.2)

3003 (65.6)
3321 (59.0)

1844 (34.4)
2530 (41.0)

<.0001

BMI (n= 10,645)
Underweight
Normal weight
Overweight
Obese

152 (1.5)
2832 (28.2)
3496 (32.6)
4164 (38.1)

145 (94.6)
2526 (91.7)
2212 (66.7)
1409 (35.9)

8 (5.4)
306 (8.3)
1284 (33.3)
2755 (64.1)

<.0001

Physical activity
<500 MET-min/week
500 MET-min/week

3994 (33.0)
6704 (67.0)

1997 (53.2)
4327 (66.8)

1997 (46.8)
2377 (33.2)

<.0001
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Table 3.3. Baseline characteristics across categories of perceived diet quality (PDQ);
unweighted frequency, (weighted %); NHANES 2007-2018 (n = 10,834).
Characteristics

Perceived diet quality
Very
Good
good

Total

Excellent

3434
(35.6)
3682
(37.5)
3718
(27.0)

197
(5.9)
270
(7.3)
422
(11.4)

568
(16.9)
693
(20.7)
967
(29.2)

5301
(49.1)
5533
(50.9)

489
(8.6)
400
(7.2)

4874
(69.5)
2114
(10.5)
2641
(13.0)
1205
(7.0)

Fair

Poor

P-value

1424
(43.4)
1520
(44.0)
1510
(39.6)

982
(26.9)
960
(22.3)
686
(16.8)

264
(6.9)
239
(5.8)
133
(2.9)

<.0001

1104
(20.8)
1124
(22.4)

2124
(41.5)
2329
(43.7)

1303
(23.9)
1325
(21.0)

281
(5.2)
355
(5.6)

0.0028

424
(8.2)
165
(7.2)
161
(5.6)
139
(10.1)

1181
(23.9)
356
(15.9)
346
(12.4)
345
(25.2)

2044
(43.5)
864
(40.1)
1070
(40.6)
475
(41.5)

963
(19.7)
576
(28.8)
895
(34.2)
194
(18.4)

262
(4.7)
153
(7.9)
169
(7.1)

3341
(21.3)
4161
(36.7)
3332
(42.1)

245
(7.0)
312
(7.2)
332
(9.0)

461
(13.7)
816
(18.6)
951
(28.3)

1310
(40.5)
1755
(43.9)
1388
(42.7)

1038
(30.1)
1026
(24.3)
564
(17.0)

2347
(14.3)
2469
(22.8)
3280
(31.4)
2738
(31.5)

181
(7.0)
165
(6.2)
237
(7.0)
306
(10.3)

290
(12.6)
419
(16.3)
683
(20.8)
836
(30.4)

908
(38.9)
1019
(44.4)
1393
(43.7)
1133
(41.9)

783
(32.5)
679
(25.7)
768
(22.8)
398
(15.2)

5984
(55.4)
2747
(26.1)

511
(7.9)
254
(9.6)

1293
(23.2)
650
(24.3)

2525
(44.2)
1072
(40.0)

1382
(20.6)
625
(21.6)

Age groups
20-39 years
40-59 years
60 years
Gender
Male
Female
Race/Ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other

<.0001

52 (4.7)

Poverty Income
Ratio
< 130% PIR
130-350% PIR
> 350% PIR

287
(8.8)
252
(6.0)

<.0001

97 (3.1)

Education
< High school
High school/GED
Some college
College graduate

185
(8.9)
187
(7.4)
199
(5.6)

<.0001

65 (2.2)

Smoking status
Non-smoker
Past smoker

111

273
(4.0)
146
(4.4)

<.0001

Current smoker

2103
(19.0)

124
(5.4)

285
(13.3)

856
(41.4)

621
(29.2)

217
(10.7)

3860
(42.7)
4473
(40.3)
2501
(17.1)

554
(12.6)
220
(4.3)
115
(4.5)

1314
(34.0)
696
(14.2)

1446
(40.3)
2222
(49.7)
785
(31.8)

474
(11.4)
1116
(26.6)
1038
(40.4)

4901
(50.3)
5933
(49.7)

393
(8.6)
496
(7.1)

1131
(24.4)
1097
(18.8)

2057
(43.3)
2396
(42.0)

1077
(19.8)
1551
(25.2)

243
(4.0)
393
(6.8)

40 (23.9)

46 (31.4)

36 (20.4)

14 (7.8)

784
(29.0)
771
(22.8)
617
(15.2)

1131
(39.7)
1502
(44.2)
1745
(43.9)

479
(15.7)
791
(20.7)
1299
(28.9)
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152
(3.9)
355
(7.9)

712
(17.5)
1516
(23.7)

1703
(42.9)
2750
(42.5)

1093
(26.3)
1535
(20.6)

278
(6.6)
358
(4.8)

Self-rated health
status
Excellent/Very good
Good
Fair/Poor

218 (8.5)

72 (1.7)
219
(5.3)
345
(14.7)

<.0001

Awareness of Food
Pyramid/
MyPyramid/
MyPlate
Yes
No

<.0001

BMI (n=10,751)
Underweight
Normal weight
Overweight
Obese

2854
(27.7)
3529
(32.7)
4214
(38.1)

18
(16.5)
351
(12.3)
313
(8.3)
198
(4.0)

4076
(33.3)
6758
(66.7)

290
(6.6)
599
(8.5)

154 (1.5)

<.0001

Physical activity
<500 MET-min/week
500 MET-min/week
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<.0001

Table 3.4. Baseline characteristics according to HEI-2015 total score; population mean
and 95% confidence limits for mean, adjusted for complex survey design; NHANES
2007-2018 (n = 10,834).
HEI-2015 total score
Mean (95%CL for mean)

P-value

Age
20-39 years
40-59 years
60 years

50.4 (49.8, 51.1)
53.4 (52.6, 54.1)
56.6 (55.9, 57.3)

<.0001

Gender
Male
Female

51.7 (51.1, 52.3)
54.6 (54.0, 55.2)

<.0001

Race/Ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other

53.2 (52.5, 53.8)
51.4 (50.6, 52.2)
53.4 (52.6, 54.1)
56.3 (55.3, 57.3)

<.0001

Poverty Income Ratio
< 130% PIR
130-350% PIR
> 350% PIR

50.1 (49.4, 50.8)
51.8 (51.2, 52.5)
55.9 (55.2, 56.6)

<.0001

Education
< High school
High school/equivalent
Some college
 College graduate

50.0 (49.3, 50.8)
50.1 (49.2, 50.9)
52.6 (51.9, 53.4)
57.5 (56.8, 58.2)

<.0001

Smoking status
Non-smoker
Past smoker
Current smoker

54.4 (53.9, 55.0)
54.6 (53.7, 55.4)
47.5 (46.8, 48.3)

<.0001

Self-rated health status
Excellent/Very good
Good
Fair/Poor

55.8 (55.0, 56.6)
51.7 (51.1, 52.3)
50.2 (49.4, 51.0)

<.0001

Awareness of Food
Pyramid/MyPyramid/ MyPlate
Yes

54.6 (54.0, 55.3)

<.0001

Characteristics

113

No

51.7 (51.0, 52.4)

BMI
Underweight
Normal weight
Overweight
Obese

52.6 (49.4, 55.9)
55.1 (54.1, 56.0)
53.8 (53.1, 54.5)
51.4 (50.8, 52.0)

<.0001

Physical activity
<500 MET-min/week
500 MET-min/week

51.9 (51.4, 52.5)
53.8 (53.2, 54.4)

<.0001
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Table 3.5. Population means and standard error of Healthy Eating Index (HEI)-2015
components and total score across categories of perceived diet quality adjusting for
complex survey design; NHANES 2007-2018 (n = 10,834).
HEI 2015
components
Adequacy
Total fruits
Whole fruits
Total vegetables
Greens and beans
Whole grains
Dairy
Total protein
foods
Seafood and plant
protein
Fatty acids
Moderation
Refined grains
Sodium
Saturated fat
Added sugar
Total score

Excellent
(n= 889)

Perceived diet quality
Very good
Good
Fair
(n= 2,228)
(n=4,453)
(n=2,628)

2.95 (0.10)
3.28 (0.10)
3.72 (0.07)
2.52 (0.11)
3.71 (0.16)
5.27 (0.15)

2.72 (0.06)
2.97 (0.06)
3.59 (0.05)
2.43 (0.07)
3.52 (0.09)
5.65 (0.08)

2.23 (0.04)
2.41 (0.05)
3.27 (0.04)
1.89 (0.05)
2.74 (0.06)
5.43 (0.07)

4.57 (0.04)

4.53 (0.03)

3.37 (0.09)

Poor
(n=636)

Ptrend

1.90 (0.06)
2.00 (0.06)
2.99 (0.04)
1.61 (0.05)
2.19 (0.07)
5.27 (0.09)

1.33 (0.08)
1.41 (0.10)
2.70 (0.08)
1.44 (0.10)
1.60 (0.12)
5.23 (0.16)

<.0001
<.0001
<.0001
<.0001
<.0001
0.0529

4.49 (0.02)

4.43 (0.03)

4.23 (0.06)

<.0001

3.41 (0.06)

2.74 (0.05)

2.48 (0.07)

2.34 (0.10)

<.0001

5.48 (0.14)

5.28 (0.09)

4.76 (0.06)

4.64 (0.09)

4.49 (0.17)

<.0001

7.29 (0.13)
4.15 (0.20)
6.16 (0.20)
7.87 (0.13)
60.33
(0.77)

6.57 (0.10)
3.90 (0.10)
6.11 (0.09)
7.63 (0.08)
58.32
(0.43)

6.12 (0.07)
3.83 (0.08)
5.72 (0.06)
6.77 (0.09)
52.39
(0.30)

5.64 (0.10)
4.06 (0.08)
5.60 (0.08)
6.20 (0.11)
49.00
(0.36)

5.94 (0.18)
4.72 (0.17)
5.37 (0.18)
5.30 (0.19)
46.10
(0.47)

<.0001
0.0343
<.0001
<.0001
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<.0001

Table 3.6. Population means and standard error of Healthy Eating Index (HEI)-2015
components and total score according to metabolic syndrome adjusting for complex
survey design; NHANES 2007-2018 (n = 10,698).

HEI 2015 components
Adequacy
Total fruits
Whole fruits
Total vegetables
Greens and beans
Whole grains
Dairy
Total protein foods
Seafood and plant protein
Fatty acids
Moderation
Refined grains
Sodium
Saturated fat
Added sugar
Total score

Metabolic Syndrome
No (n= 6,324)
Yes (n= 4,374)

P-value

2.29 (0.05)
2.46 (0.05)
3.28 (0.03)
2.07 (0.04)
2.80 (0.05)
5.51 (0.06)
4.45 (0.02)
2.92 (0.04)
4.91 (0.04)

2.22 (0.04)
2.45 (0.05)
3.28 (0.03)
1.80 (0.04)
2.81 (0.06)
5.28 (0.07)
4.53 (0.02)
2.76 (0.05)
4.84 (0.07)

0.2366
0.8602
0.9812
<.0001
0.8391
0.0046
0.0042
0.0089
0.4240

6.19 (0.06)
4.10 (0.06)
5.90 (0.06)
6.86 (0.07)
53.74 (0.33)

6.20 (0.07)
3.77 (0.06)
5.62 (0.06)
6.79 (0.07)
52.35 (0.28)

0.9706
0.0001
0.0008
0.4900
0.0002
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Table 3.7. Population means and 95% confidence limits for metabolic syndrome
components across categories of perceived diet quality adjusting for complex survey
design; NHANES 2007-2018 (n = 10,834).
Metabolic syndrome
components
Waist circumference
(cm) (n=10,589)

Excellent

Perceived diet quality
Very
Good
Fair
Good

N= 860

N= 2,184

N= 4,352

Total

92.9 (91.4,
94.5)

95.9 (94.9,
96.8)

99.8 (98.9,
100.7)

Male

96.4 (94.2,
98.5)

99.4 (98.1,
100.7)

102.0
(101.9
102.9)

Female

89.0 (87.3,
90.6)

92.7 (91.6,
93.8)

97.8 (96.6,
99.0)

N= 883

N= 2,213

103.4
(94.8,
112.3)
107.7
(95.6,
119.9)

Triglycerides (mg/dL)
(n=10,734)
Total

Male

Female

HDL cholesterol
(mg/dL) (n=10,740)
Total
Male
Female
Systolic BP (mm Hg)
(n=10,644)
Total

Male

Female

Poor

N= 2,580

N= 613

104.7
(103.9,
105.5)
105.9
(104.9,
106.9)
103.4
(102.1,
104.7)

105.7
(103.7
107.6)
105.8
(102.6
109.0)
105.5
(103.3
107.8)

N= 4,408

N= 2,606

N= 624

108.6
(104.6,
112.5)
116.7
(110.2
123.3)
101.2
(96.5
105.9)

126.7
(122.6,
130.8)
136.7
(130.3
143.2)
117.5
(113.0,
122.0)

133.7
(128.1
139.4)
148.5
(140.0
156.9)
117.5
(111.4,
123.6)

132.0
(123.5
140.5)
141.4
(127.3,
155.5)
123.7
(113.9
133.5)

N= 884

N= 2,214

N= 4,409

N= 2,609

N= 624

59.5 (57.8,
61.2)

57.9 (57.0,
58.9)

53.3 (52.6,
54.0)

50.6 (49.9,
51.3)

53.6 (51.4,
55.7)
66.4 (64.0,
68.7)

50.7 (49.5,
51.8)
64.5 (63.0,
65.8)

47.8 (47.1,
48.6)
58.3 (57.3,
59.4)

46.6 (45.7,
47.4)
55.0 (53.9,
56.0)

49.1
(47.68
50.5)
45.1 (43.1,
47.1)
52.7 (50.9,
54.6)

N= 876

N= 2,192

N= 4,373

N= 2,573

N= 630

121.5
(119.9,
123.1)
122.6
(120.8,
124.4)
120.2
(117.6,
122.9)

121.3
(120.4,
122.3)
123.5
(122.3,
124.7)
119.4
(118.1,
120.7)

121.5
(120.9,
122.1)
122.8
(121.9,
123.7)
120.3
(119.5
121.1)

121.8
(121.0,
122.7)
123.4
(122.3,
124.5)
120.0
(118.9
121.2)

121.7
(120.2,
123.2)
122.9
(120.2,
125.7)
120.6
(118.8
122.3)

98.4 (86.8,
110.1)
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Ptrend

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001
<.0001
<.0001

0.4987

0.7987

0.5115

Diastolic BP (mm Hg)
(n=10,644)
Total
Male
Female
Fasting glucose
(mg/dL)
Total

Male

Female

N= 876

N= 2,192

N= 4,373

N= 2,573

N= 630

68.3 (67.3,
69.3)
69.2 (67.9,
70.4)
67.2 (65.7,
68.7)

69.2 (68.6,
69.9)
70.7 (69.9,
71.5)
67.9 (67.1,
68.8)

69.7 (69.2,
70.3)
71.5 (70.7
72.2)
68.2 (67.5,
68.8)

71.4 (70.8,
72.0)
72.9 (72.0,
73.7)
69.9 (69.1,
70.6)

70.0 (68.6,
71.3)
72.5 (70.2
74.8)
67.7 (66.1,
69.3)

N= 889

N= 2,228

N= 4,453

N= 2,628

N= 636

102.5
(100.8,
104.2)
105.5
(102.7,
108.2)

104.2
(102.9,
105.5)
108.4
(106.1,
110.8)
100.4
(99.3,
101.5)

106.8
(105.7,
107.9)
109.2
(107.8,
110.7)
104.6
(103.3,
106.0)

110.3
(108.6,
111.9)
112.4
(110.2,
114.5)
107.9
(105.9,
110.4)

111.5
(108.0,
115.1)
114.1
(108.0,
120.2)
109.2
(105.4,
113.0)

99.1 (97.5,
100.7)

118

<.0001
<.0001
0.0029

<.0001

0.0003

<.0001

Table 3.8. Odds ratios (OR) and 95% confidence intervals (CI) for the association
between perceived diet quality and metabolic syndrome adjusting for complex survey
design; NHANES 2007-2018 (n = 10,834).
Perceived diet quality
OR (95% CI)

Outcome
Excellent

Very good

Good

Fair

Poor

1.49 (1.15,
1.92)
1.60 (1.24,
2.06)

1.83 (1.43,
2.33)
2.40 (1.88,
3.06)

2.24 (1.72,
2.92)
3.34 (2.55,
4.37)

2.60 (1.92,
3.54)
4.29 (3.11,
5.92)

1.39 (1.14,
1.69)
1.40 (1.14,
1.72)

2.13 (1.73,
2.62)
2.64 (2.10,
3.31)

3.03 (2.44,
3.77)
4.42 (3.53,
5.54)

3.84 (2.87,
5.15)
5.83 (4.27,
7.97)

1.26 (0.95,
1.68)
1.31 (0.99,
1.74)

1.87 (1.39,
2.51)
2.05 (1.53,
2.75)

2.14 (1.59,
2.87)
2.40 (1.78,
3.25)

2.11 (1.48,
3.01)
2.47 (1.73,
3.53)

1.40 (1.09,
1.79)
1.37 (1.06,
1.76)

2.25 (1.74,
2.91)
2.17 (1.67,
2.82)

2.80 (2.21,
3.55)
2.69 (2.11,
3.44)

3.61 (2.61,
5.00)
3.40 (2.44,
4.75)

1.12 (0.90,
1.39)
1.24 (0.98,
1.56)

1.02 (0.85,
1.23)
1.51 (1.24,
1.84)

1.04 (0.84,
1.30)
1.85 (1.496
2.34)

1.08 (0.83,
1.42)
2.24 (1.66,
3.00)

0.96 (0.77,
1.18)
1.03 (0.83,
1.27)

1.12 (0.90,
1.38)
1.47 (1.18,
1.82)

1.41 (1.11,
1.79)
2.06 (1.62,
2.62)

1.34 (1.03,
1.76)
2.16 (1.62,
2.89)

Ptrend

Metabolic
Syndrome a
Unadjusted
Adjusted for sex
and age
Elevated Waist
Circumference b
Unadjusted
Adjusted for sex
and age
Elevated
Triglycerides c
Unadjusted
Adjusted for sex
and age
Reduced HDL
Cholesterol d
Unadjusted
Adjusted for sex
and age
Elevated Blood
Pressure e
Unadjusted
Adjusted for sex
and age
Elevated Fasting
Glucose f

1.0 (ref)
1.0 (ref)

1.0 (ref)
1.0 (ref)

1.0 (ref)
1.0 (ref)

1.0 (ref)
1.0 (ref)

1.0 (ref)
1.0 (ref)

Unadjusted

1.0 (ref)

Adjusted for sex
and age

1.0 (ref)

a

<.0001
<.0001

<.0001
<.0001

<.0001
<.0001

<.0001
<.0001

0.8748
<.0001

<.0001
<.0001

Metabolic syndrome defined as having 3 or more of the components in the table (N= 10,698).
Waist circumference ≥88 cm for women and ≥102 cm for men (N= 10,589).
c
Triglycerides ≥150 mg/dL (N= 10,734).
d
HDL cholesterol <40 mg/dL for males and <50 mg/dL for females (N= 10,740).
e
Systolic blood pressure ≥130 mmHg, or diastolic blood pressure ≥85 mmHg, or drug treatment (n =
10,834).
f
Fasting glucose ≥100 mg/dL or drug treatment for elevated glucose (n = 10,834).
b
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Table 3.9. Adjusted odds ratios (OR) and 95% confidence intervals (CI) for the
association between perceived diet quality and metabolic syndrome adjusting for
complex survey design; NHANES 2007-2018 (n = 10,834).

Outcome
Excellent

Perceived diet quality
Adjusted*
OR (95% CI)
Very good
Good
Fair

Poor

P-trend

2.21 (1.59,
2.79)

2.39 (1.68,
3.39)

<.0001

2.15 (1.69,
2.74)

3.12 (2.47,
3.95)

4.05 (2.88,
5.70)

<.0001

1.32 (0.99,
1.77)

1.76 (1.31,
2.36)

1.84 (1.33,
2.49)

1.69 (1.15,
2.48)

0.0003

1.0 (ref)

1.42 (1.11,
1.83)

1.83 (1.41,
2.37)

1.92 (1.50,
2.46)

2.17 (1.51,
3.11)

<.0001

Elevated
Blood
Pressure e
(n=10,834)

1.0 (ref)

1.29 (1.00,
1.67)

1.24 (1.01,
1.54)

1.23 (0.95,
1.59)

1.28 (0.93,
1.76)

0.3656

Elevated
Fasting
Glucose f
(n=10,834)

1.0 (ref)

1.04 (0.84,
1.29)

1.27 (1.02
1.58)

1.54 (1.19
2.00)

1.53 (1.11,
2.10)

<.0001

Metabolic
Syndrome a
(n = 10,698)

1.0 (ref)

1.65 (1.26,
2.17)

1.90 (1.48,
2.45)

Elevated
Waist
Circumference
b
(n= 10,589)

1.0 (ref)

1.39 (1.12,
1.72)

Elevated
Triglycerides c
(n= 10,734)

1.0 (ref)

Reduced HDL
Cholesterol d
(n= 10,740)

*Adjusted for age categories, gender, race/ethnicity, poverty income ratio, smoking status, physical
activity, awareness of dietary guidance programs, self-rated health status, and total caloric intake.
a

Metabolic syndrome defined as having 3 or more of the components in the table (N= 10,698).
Waist circumference ≥88 cm for women and ≥102 cm for men (N= 10,589).
c
Triglycerides ≥150 mg/dL (N= 10,734).
d
HDL cholesterol <40 mg/dL for males and <50 mg/dL for females (N= 10,740).
e
Systolic blood pressure ≥130 mm Hg, or diastolic blood pressure ≥85 mm Hg, or drug treatment for
hypertension (n = 10,834).
f
Fasting glucose ≥100 mg/dL or drug treatment for elevated glucose (n = 10,834).
b

120

Table 3.10. Predicted probabilities and 95% confidence intervals (CI) for the association
between perceived diet quality and metabolic syndrome adjusting for complex survey
design; NHANES 2007-2018 (n = 10,834).

Metabolic
Syndrome a

Excellent
26.4 (22.9,
29.9)

Perceived diet quality
Adjusted*
Predicted Probabilities (95% CI)
Very good
Good
Fair
35.7 (33.1,
38.5 (36.7,
40.6 (30.0,
38.2)
40.3)
43.2)

Elevated Waist
Circumference b

42.6 (38.4,
46.7)

49.5 (46.9,
52.1)

58.6 (56.8,
60.4)

66.0 (63.6,
68.4.1)

70.1 (66.3,
75.4)

Elevated
Triglycerides c

17.0 (13.7,
20.2)

21.1 (18.9,
23.3)

25.9 (24.2,
27.6)

26.5 (24.1,
28.8)

25.2 (20.7,
29.6)

Reduced HDL
Cholesterol d

18.5 (15.1,
22.0)

24.2 (21.8,
26.7)

28.9 (27.2,
30.7)

29.9 (27.5,
32.4)

32.4 (27.8,
37.1)

Elevated Blood
Pressure e

36.8 (33.2,
40.4)

41.4 (39.0,
43.8)

40.7 (39.1,
42.4)

40.4 (37.9,
42.9)

41.2 (36.7,
45.6)

Elevated Fasting
Glucose f

48.6 (44.4,
52.8)

49.5 (46.8,
53.1)

53.7 (51.9,
55.5)

57.8 (55.3,
60.4)

57.6 (52.7,
62.4)

Outcome

Poor
43.1 (38.2,
48.1)

*Adjusted for age categories, gender, race/ethnicity, poverty income ratio, smoking status, physical
activity, awareness of dietary guidance programs, self-rated health status, and total caloric intake.
a

Metabolic syndrome defined as having 3 or more of the components in the table (N= 10,698).
Waist circumference ≥88 cm for women and ≥102 cm for men (N= 10,589).
c
Triglycerides ≥150 mg/dL (N= 10,734).
d
HDL cholesterol <40 mg/dL for males and <50 mg/dL for females (N= 10,740).
e
Systolic blood pressure ≥130 mm Hg, or diastolic blood pressure ≥85 mm Hg, or drug treatment for
hypertension (n = 10,834).
f
Fasting glucose ≥100 mg/dL or drug treatment for elevated glucose (n = 10,834).
b
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Table 3.11. Population means and 95% confidence limits for metabolic syndrome
components across HEI-2015 categories, adjusting for complex survey design; NHANES
2007-2018 (n = 10,834)
Metabolic syndrome
components
Waist circumference
(cm) (n= 10,589)

100-75
score

HEI-2015 Categories
74-65
64-45
44-35
score
score
score

N= 792

N= 2,052

Total

95.0 (93.4,
96.6)

97.1 (96.0,
98.3)

Male

100.1
(97.6,
102.6)

99.7 (98.1,
101.3)

91.8 (89.9,
93.7)

34-0 score

Ptrend

N= 5,439

N= 1,533

N= 773

95.1
(93.8,
96.5)

100.1
(99.3,
100.8)
102.3
(101.4,
103.2)
97.8
(96.9,
98.8)

101.9
(100.8,
103.0)
103.0
(101.6,
104.4)
100.7
(99.2,
102.2)

101.8
(100.2,
103.5)
103.1
(101.3,
104.9)
100.1
(97.6,
102.5)

N= 797

N= 2,070

N= 5,522

N= 1,557

N= 788

105.3
(98.1,
112.5)
113.0
(100.5,
125.5)
100.6
(91.5,
109.6)

117.3
(111.0,
123.6)
126.1
(117.3,
134.9)
110.5
(102.4
118.5)

124.6
(121.0,
128.3)
134.0
(128.3,
139.7)
115.5
(111.5,
119.5)

126.6
(121.2,
131.9)
139.6
(130.9,
148.4)
111.7
(105.8,
117.7)

126.0
(115.4,
136.7)
133.3
(117.1,
149.5)
116.0
(106.7
125.3)

N= 798

N= 2,073

N= 5,524

N= 1,557

N= 788

Total

59.7 (58.1,
61.2)

45.9 (44.1,
47.1)

<.0001

Female

64.6 (62.6,
66.6)

51.0 (50.3,
51.8)
47.0
(46.1,
48.9)
55.6
(54.3,
56.8)

<.0001

51.7 (49.5,
53.9)

54.2 (53.5,
54.9)
48.7
(47.9,
49.5)
59.5
(58.4,
60.6)

49.2 (48.2,
50.2)

Male

57.2 (55.9,
58.4)
50.6
(48.7,
52.5)
62.3
(60.8,
63.8)

53.8 (51.9,
55.7)

<.0001

N= 790

N= 2,050

N= 5,475

N= 1,546

N= 783

120.7
(119.1,
122.3)
123.7
(121.0,
126.4)
118.9
(116.8,
120.9)

121.7
(120.5,
123.0)
123.6
(122.0,
125.2)
120.3
(118.7,
121.8)

121.7
(121.0,
122.3)
123.1
(122.3,
124.0)
120.2
(119.4
121.0)

121.5
(120.5,
122.5)
123.0
(121.8,
124.1)
119.8
(118.3,
121.4)

121.1
(119.5,
122.6)
121.7
(120.1,
123.3)
120.1
(117.5
122.7)

Female

Triglycerides (mg/dL)
(n= 10,734)
Total

Male

Female

HDL cholesterol
(mg/dL) (n= 10,740)

Systolic BP (mm Hg)
n= 10,644)
Total

Male

Female
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<.0001

0.0009

<.0001

0.0015

0.0335

0.0594

0.9769

0.1557

0.6692

Diastolic BP (mm Hg)
(n= 10,644)

N= 790

N= 2,050

N= 5,475

N= 1,546

N= 783

Total

69.4 (68.4,
70.5)

70.0 (69.5,
70.5)

0.0047

71.7 (69.8,
73.6)

71.6 (70.4
72.9)

0.3531

Female

68.0 (66.6,
69.4)

68.4
(67.9,
69.0)

70.5 (69.9,
71.1)
71.8
(71.0,
72.7)
69.0
(68.2,
69.7)

70.5 (69.2,
71.7)

Male

68.8 (67.9,
69.7)
70.5
(69.1,
71.8)
67.5
(66.5,
68.4)

68.9 (67.0,
70.8)

0.0544

N= 809

N= 2,096

N= 5,565

N= 1,570

N= 794

103.5
(101.7,
105.3)
108.0
(104.9,
111.1)
100.7
(98.5,
103.0)

106.8
(104.5,
109.0)
112.3
(107.7,
116.8)
102.5
(100.9,
104.1)

107.3
(106.1,
108.4)
109.4
(108.2,
110.6)
105.2
(103.6,
106.8)

107.5
(105.8,
109.3)
110.3
(107.6,
113.0)
104.4
(102.5,
106.4)

106.3
(104.1,
108.4)
107.3
(105.0,
109.6)
104.8
(101.4,
108.3)

Fasting glucose
(mg/dL)
Total

Male

Female
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71.6 (70.9,
72.2)

0.0786

0.3775

0.0089

Table 3.12. Odds ratios (OR) and 95% confidence intervals (CI) for the association
between HEI-2015 categories and metabolic syndrome adjusting for complex survey
design; NHANES 2007-2018 (n = 10,834).

Outcome

HEI-2015 Categories
OR (95% CI)
100-75
score

74-65 score

64-45 score

44-35 score

34-0 score

1.18 (0.92,
1.51)
1.28 (0.99,
1.64)

1.42 (1.14,
1.76)
1.75 (1.41,
2.18)

1.51 (1.18,
1.94)
2.19 (1.69,
2.84)

1.27 (0.97,
1.68)
1.98 (1.48,
2.66)

1.20 (0.94,
1.52)
1.36 (1.07,
1.73)

1.50 (1.22,
1.85)
2.02 (1.61,
2.54)

1.60 (1.30,
1.99)
2.51 (1.98,
3.18)

1.44 (1.06,
1.96)
2.50 (1.79,
3.48)

1.31 (0.98,
1.74)
1.33 (0.99,
1.78)

1.63 (1.26,
2.10)
1.68 (1.30,
2.18)

1.72 (1.27,
2.33)
1.83 (1.34,
2.50)

1.38 (1.00,
1.92)
1.52 (1.09,
2.11)

1.24 (0.94,
1.65)
1.25 (0.95,
1.66)

1.50 (1.23,
2.06)
1.60 (1.24,
2.07)

2.01 (1.52,
2.66)
2.00 (1.51,
2.64)

2.32 (1.67,
3.22)
2.32 (1.66,
3.24)

1.05 (0.82,
1.34)
1.18 (0.92,
1.51)

1.01 (0.81,
1.25)
1.36 (1.109
1.68)

0.89 (0.71,
1.11)
1.51 (1.20,
1.90)

0.73 (0.57,
0.94)
1.37 (1.04,
1.78)

1.13 (0.91,
1.40)
1.18 (0.94,
1.49)

1.30 (1.07,
1.57)
1.50 (1.21,
1.85)

1.22 (1.00,
1.48)
1.58 (1.27,
1.95)

1.21 (0.95,
1.54)
1.66 (1.27,
2.17)

Ptrend

Metabolic
Syndrome a
Unadjusted
Adjusted for sex
and age
Elevated Waist
Circumference b
Unadjusted
Adjusted for sex
and age
Elevated
Triglycerides c
Unadjusted
Adjusted for sex
and age
Reduced HDL
Cholesterol d
Unadjusted
Adjusted for sex
and age
Elevated Blood
Pressure e
Unadjusted
Adjusted for sex
and age
Elevated Fasting
Glucose f

1.0 (ref)
1.0 (ref)

1.0 (ref)
1.0 (ref)

1.0 (ref)
1.0 (ref)

1.0 (ref)
1.0 (ref)

1.0 (ref)
1.0 (ref)

Unadjusted

1.0 (ref)

Adjusted for sex
and age

1.0 (ref)

a

0.0057
<.0001

0.0002
<.0001

0.0106
0.0018

<.0001
<.0001

0.0041
0.0016

0.1230
<.0001

Metabolic syndrome defined as having 3 or more of the components in the table (N= 10,698).
Waist circumference ≥88 cm for women and ≥102 cm for men (N= 10,589).
c
Triglycerides ≥150 mg/dL (N= 10,734).
d
HDL cholesterol <40 mg/dL for males and <50 mg/dL for females (N= 10,740).
e
Systolic blood pressure ≥130 mm Hg, or diastolic blood pressure ≥85 mm Hg, or drug treatment for
hypertension (n = 10,834).
f
Fasting glucose ≥100 mg/dL or drug treatment for elevated glucose (n = 10,834).
b
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Table 3.13. Adjusted odds ratios (OR) and 95% confidence intervals (CI) for the
association between HEI-2015 categories and metabolic syndrome adjusting for complex
survey design; NHANES 2007-2018 (n = 10,834).
Outcome
100-75
score

HEI-2015 Categories
Adjusted*
OR (95% CI)
74-65
64-45
44-35
score
score
score
1.14 (0.88, 1.38 (1.11, 1.55 (1.17,
1.48)
1.72)
2.05)

34-0 score

Ptrend

1.30 (0.97,
1.75)

0.0052

Metabolic
Syndrome a

1.0 (ref)

Elevated Waist
Circumference b

1.0 (ref)

1.20 (0.94,
1.54)

1.63 (1.29,
2.05)

1.84 (1.44,
2.37)

1.81 (1.28,
2.55)

<.0001

Elevated
Triglycerides c

1.0 (ref)

1.23 (0.91,
1.64)

1.42 (1.10,
1.83)

1.42 (1.03,
1.96)

1.10 (0.79,
1.53)

0.4211

Reduced HDL
Cholesterol d

1.0 (ref)

1.13 (0.86,
1.49)

1.28 (0.99,
1.65)

1.44 (1.08,
1.90)

1.55 (1.10,
2.19)

0.0023

Elevated Blood
Pressure e

1.0 (ref)

1.07 (0.83,
1.38)

1.09 (0.86,
1.39)

1.09 (0.84,
1.42)

0.94 (0.69,
1.29)

0.8497

Elevated Fasting
Glucose f

1.0 (ref)

1.09 (0.86,
1.38)

1.29 (1.03,
1.62)

1.29 (1.02,
1.62)

1.29 (0.97,
1.71)

0.0347

*Adjusted for age categories, gender, race/ethnicity, poverty income ratio, smoking status, physical
activity, awareness of dietary guidance programs, self-rated health status, and total caloric intake.
a

Metabolic syndrome defined as having 3 or more of the components in the table (N= 10,698).
Waist circumference ≥88 cm for women and ≥102 cm for men (N= 10,589).
c
Triglycerides ≥150 mg/dL (N= 10,734).
d
HDL cholesterol <40 mg/dL for males and <50 mg/dL for females (N= 10,740).
e
Systolic blood pressure ≥130 mm Hg, or diastolic blood pressure ≥85 mm Hg, or drug treatment for
hypertension (n = 10,834).
f
Fasting glucose ≥100 mg/dL or drug treatment for elevated glucose (n = 10,834).
b
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Table 3.14. Predicted probabilities and 95% confidence intervals (CI) for the association
between HEI-2015 categories and metabolic syndrome adjusting for complex survey
design; NHANES 2007-2018 (n = 10,834).
HEI-2015 Categories
Adjusted*
Predicted Probabilities (95% CI)

Outcome

Metabolic
Syndrome a

100-75
score
32.0 (28.0,
35.9)

Elevated Waist
Circumference b

48.5 (43.9,
53.0)

52.3 (49.4,
55.2)

58.6 (57.0,
60.1)

61.1 (58.4,
63.7)

60.7 (55.8,
65.5)

Elevated
Triglycerides c

19.6 (15.9,
23.3)

22.8 (19.7,
25.9)

25.4 (23.7,
27.0)

25.3 (22.9,
27.8)

21.1 (17.4,
24.7)

Reduced HDL
Cholesterol d

23.1 (18.9,
27.3)

25.3 (22.5,
28.0)

27.5 (25.8,
29.2)

29.8 (27.2,
32.3)

31.3 (27.1,
35.6)

Elevated Blood
Pressure e

39.3 (35.4,
43.2)

40.5 (37.4,
43.6)

40.9 (39.4,
42.3)

40.8 (38.4,
43.2)

38.2 (34.3,
42.3)

Elevated Fasting
Glucose f

49.0 (44.8,
53.2)

50.8 (47.4,
54.2)

54.4 (52.3,
56.5)

54.4 (51.8,
57.0)

54.5 (50.0,
58.9)

74-65 score

64-45 score

44-35 score

34-0 score

34.5 (31.1,
37.9)

38.3 (36.7,
39.8)

40.6 (37.5,
43.6)

37.1 (32.9,
41.3)

*Adjusted for age categories, gender, race/ethnicity, poverty income ratio, smoking status, physical
activity, awareness of dietary guidance programs, self-rated health status, and total caloric intake.
a

Metabolic syndrome defined as having 3 or more of the components in the table (N= 10,698).
Waist circumference ≥88 cm for women and ≥102 cm for men (N= 10,589).
c
Triglycerides ≥150 mg/dL (N= 10,734).
d
HDL cholesterol <40 mg/dL for males and <50 mg/dL for females (N= 10,740).
e
Systolic blood pressure ≥130 mm Hg, or diastolic blood pressure ≥85 mm Hg, or drug treatment for
hypertension (n = 10,834).
f
Fasting glucose ≥100 mg/dL or drug treatment for elevated glucose (n = 10,834).
b
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